(19) 




(12) 



Europaisches Patentamt 

European Patent Off ice a r% 

. ^ mu EP 0 828 303 A2 

Office europeen des brevets U > / w 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : H01M 8/04, H01M 8/06 



(43) Date of publication: 

1 1 .03.1 998 Bulletin 1 998/1 1 

(21) Application number: 97115426.5 

(22) Date of filing: 05.09.1997 

(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU WIC 

NL PT SE 

(30) Priority: 06.09.1996 JP 257601/96 

(71) Applicant: 

TOYOTA JIDOSHA KABUSHIKI KAISHA 
Aichi-ken 471 (JP) 



(72) Inventor: Kawatsu, Shigeyuki 
Toyota-shi, Aichi-ken, 471 (JP) 

(74) Representative: 

Pellmann, Hans-Bernd, Dipl.-lng. et al 
PatentanwaHsburo 
Tiedtke-Buhling-Kinne & Partner 
Bavariaring 4 
80336 Munchen (DE) 



Fi g. 6 



(54) Fue.-ce.ls generator system with contro. system and method of generating electricity from 
fuel cells 

(57) A fuel-cells generator system of the present 
invention carries out an appropriate control to ensure a 
high output even when a catalyst carried on an elec- 
trode is poisoned. An electronic control unit of the fuel- 
cells generator system measures an output voltage E of 
fuel cells, a concentration D of carbon monoxide 
included in a gaseous fuel, a temperature T of the fuel 
cells, and a pressure P of the gaseous fuel at steps 
S100 through S130. When the output voltage E has 
been lowered by the amount of change that is not less 
than a predetermined voltage E0 at step S140 and 
when the concentration D of carbon monoxide meas- 
ured by a carbon monoxide sensor represents the poi- 
soned state of a catalyst carried on the anodes of the 

fuel cells at step S150, the temperature T of the fuel 

cells is gradually increased at step S180. The pressure 

p of the gaseous fuel is also gradually increased at step 

S190, in order to enable a partial vapor pressure in the 

gaseous fuel to be kept at a constant value even under 

the condition of the increased temperature of the fuel 

cells This structure keeps the partial vapor pressure in 

the gaseous fuel at a constant level, thus preventing the 

partial pressure of hydrogen in the gaseous fuel from 

being lowered and ensuring a continuous supply of 

hydrogen to the anodes. 
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Description 

BACKGROUND OF THE INVENTION 

Held of the Invention s 

The present invention relates to a fuel-cells genera- 
tor system using fuel cells that receive a supply of a 
reaction gas fed to an electrode with a catalyst carried 
thereon and generate an electromotive force through a 
chemical reaction of the reaction gas, and also to a 
method of generating electricity from fuel cells. 

Description of the Related Art 

Fuel cells are a known device for directly converting 
chemical energy of a fuel to electrical energy. Each fuel 
cell includes a pair of electrodes arranged across an 
electrolyte, wherein the surface of one electrode is 
exposed to hydrogen or a hydrogen-containing gaseous 
fuel and the surface of the other electrode is exposed to 
an oxygen-containing, oxidizing gas. Electrical energy is 
taken but of the electrodes through electrochemical 
reactions. 

As is known, the output of electrical energy from the 
fuel cells depends upon a variety of driving conditions, 
such as a gas pressure, a cell temperature, and a gas 
utilization ratio. Conventional structure enhances the 
output of the fuel cells by appropriately regulating these 
driving conditions. An example of the conventional 
structure is a fuel-cells generator system disclosed in 
JAPANESE PATENT LAYING-OPEN GAZETTE No. 5- 
283091 . This system controls the driving temperature of 
the fuel cells to an ideal operating temperature (approx- 
imately 80°C in the case of polymer electrolyte fuel 
cells) so as to enhance the battery output 

In case that the catalyst carried on the electrode of 
the fuel cells is poisoned by carbon monoxide, the con- 
trol of the driving temperature of the fuel cells to the 
ideal operating temperature may not result in high out- 
put from the fuel cells. The applicant of the present 
invention has accordingly proposed an improved fuel- 
cells generator system disclosed in JAPANESE PAT- 
ENT LAYING-OPEN GAZETTE No. 8-138710. The pro- 
posed system controls the driving temperature of the 
fuel cells to a predetermined temperature higher than 
the ideal operating temperature, thereby enhancing the 
output of the fuel cells even in the poisoned state of the 
catalyst on the electrode. 

The control of the driving temperature of the fuel 
cells to be higher than the ideal operating temperature 
in the poisoned state of the catalyst on the electrode 
enhances the output of the fuel cells, because of the fol- 
lowing reason. The equilibrium of adsorption and 
release of carbon monoxide on and from the surface of 
the platinum catalyst carried on the electrode in the fuel 
cells is shifted to the direction of releasing carbon mon- 
oxide with an increase in temperature of the fuel cells. 



This means that the amount of adsorption of carbon 
monoxide decreases with an increase in temperature of 
the fuel cells. When the temperature of the fuel cells 
becomes higher than the ideal operating temperature, 
the degree of this effect cancels the decrease in battery 
output due to the increased temperature of the fuel 
cells. In the poisoned state of the catalyst, the increased 
temperature of the fuel cells to be higher than the ideal 
operating temperature thus enhances the battery out- 
put. 

As mentioned above, when a decrease in battery 
output is detected in the poisoned state of the catalyst 
on the electrode, the control of the driving temperature 
of the fuel cells to a predetermined temperature higher 
than the ideal operating temperature can enhance the 
battery output 

The prior art technique, however, can not suffi- 
ciently enhance the battery output when the tempera- 
ture of the fuel cells is too high in the poisoned state of 
the catalyst on the electrode. In the case of polymer 
electrolyte fuel cells, the ideal operating temperature is 
approximately 80° C. In the prior art technique, the fuel 
cells are accordingly driven at the higher temperatures 
of 90°C to 95°C. In case that the fuel cells are driven in 
a still higher temperature range, the reaction substance 
included in the gas, that is. hydrogen on the anode and 
oxygen on the cathode, can not be sufficiently supplied 
to the reaction interface of each electrode or more pre- 
cisely to the surface of the catalyst. This prevents the 
fuel cells from being driven stably to give the high out- 
put. 

SUMMARY OF THE INVENTION 

The object of the present invention is thus to ensure 
a high output from fuel cells in a fuel-cells generator 
system by carrying out an appropriate control even 
when a catalyst carried on an electrode is poisoned. 

At least part of the above and the other related 
objects is realized by a first fuel-cells generator system 
using fuel cells, which receive a supply of a reaction gas 
fed to an electrode with a catalyst carried thereon and 
generate an electromotive force through a chemical 
reaction of the reaction gas. The first fuel-cells genera- 
tor system of the present invention includes: lowered 
output detection means for detecting a decrease in out- 
put of the fuel cells; poisoned state detection means for 
detecting a poisoned state of the catalyst temperature 
control means for, when the poisoned state detection 
means detects the poisoned state of the catalyst and 
the lowered output detection means detects a decrease 
in output of the fuel cells, increasing temperature of the 
fuel cells; and gas pressure control means for regulating 
pressure of the reaction gas supplied to the electrode in 
response to the temperature control by the temperature 
control means, thereby enabling partial vapor pressure 
in the reaction gas to be kept within a predetermined 
range. 
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The equilibrium of adsorption and release of carbon 
monoxide on and from the surface of the catalyst car- 
ried on the electrode in the fuel cells is shifted to the 
direction of releasing carbon monoxide with an increase 
in temperature of the fuel cells. This means that the 
amount of adsorption of carbon monoxide decreases 
with an increase in temperature of the fuel ceils. 
Extremely high temperature of the fuel cells, on the 
other hand, increases the partial vapor pressure in the 
gas and thereby lowers the partial pressure of the gas. 
This results in an insuff icient supply of the reaction sub- 
stance included in the reaction gas to the reaction inter- 
face of the electrode or more precisely to the surface of 
the catalyst. The first fuel -cells generator system of the 
present invention increases the temperature of the fuel 
cells while keeping the partial vapor pressure in the 
reaction gas within a predetermined range. This struc- 
ture decreases the amount of adsorption of carbon 
monoxide on the catalyst carried on the electrode in the 
fuel cells, while ensuring a continuous supply of the 
reaction substance included in the reaction gas to the 
electrode. The structure of the present invention thus 
enhances the battery output when a decrease in battery 
output is detected in the poisoned state of the catalyst. 

In accordance with one preferable application, the 
first fuel-cells generator system further includes: gas 
utilization ratio calculation means for calculating a 
degree of utilization of the reaction gas in the fuel cells 
as a gas utilization ratio; and prohibition means for, 
when the gas utilization ratio calculated by the gas utili- 
zation ratio calculation means is not less than a prede- 
termined value, prohibiting operations of the 
temperature control means and the gas pressure con- 
trol means. 

In general, under the condition of the high gas utili- 
zation ratio, a decrease in battery output, which may be 
confused with a decrease in output due to the poisoned 
catalyst, is observed. The fuel-cells generator system of 
this structure prohibits the operations of the tempera- 
ture control means and the gas pressure control means 
in case that the gas utilization ratio becomes equal to or 
greater than a predetermined value. This structure 
effectively prevents the unrequired control from being 
carried out, based on the wrong detection of the low- 
ered output due to the poisoned catalyst This enables 
the lowered battery output due to the poisoned catalyst 
to be recovered with high accuracy. 

In accordance with another preferable application, 
the first fuel -cells generator system further includes: 
impedance measurement means for measuring an 
impedance of the fuel ceils: and prohibition means for, 
when the impedance measured by the impedance 
measurement means is out of a predetermined range, 
prohibiting operations of the temperature control means 
and the gas pressure control means. 

In general, when the impedance is out of a prede- 
termined range, the electrolyte membrane is either too 
wet or too dried. Under such conditions, a decrease in 



battery output, which may be confused with a decrease 
in output due to the poisoned catalyst, is observed. The 
fuel-cells generator system of this structure prohibits the 
operations of the temperature control means and the 

5 gas pressure control means in case that the impedance 
is out of a predetermined range. This structure effec- 
tively prevents the unrequired control from being carried 
out, based on the wrong detection of the lowered output 
due to the poisoned catalyst. This enables the lowered 

to battery output due to the poisoned catalyst to be recov- 
ered with high accuracy. 

In the first fuel-cells generator system of the 
present invention, the poisoned state detection means 
may include: carbon monoxide concentration detection 

is means for observing a concentration of carbon monox- 
ide included in the reaction gas; and means for detect- 
ing the poisoned state of the catalyst, based on the 
observed concentration of carbon monoxide. 

This structure can detect the poisoned state of the 

20 catalyst, based on the result of detection of the carbon 
monoxide concentration detection means. 

In the fuel-cells generator system of the above 
structure, the carbon monoxide concentration detection 
means may include: an electrolyte membrane; two elec- 
25 trodes arranged across the electrolyte membrane and 
having a catalyst carried thereon; a reaction gas supply 
conduit for feeding a supply of the reaction gas to one of 
the two electrodes; an oxidizing gas supply conduit for 
feeding a supply of an oxygen-containing, oxidizing gas 

30 to the other of the two electrodes; potential difference 
measurement means for measuring a potential differ- 
ence between the two electrodes under the condition 
that a predetermined load is connected between the two 
electrodes; and carbon monoxide concentration calcu- 

35 lation means for calculating the concentration of carbon 
monoxide included in the reaction gas, based on the 
potential difference measured by the potential differ- 
ence measurement means. 

in this structure, when the reaction gas is led 

40 through the reaiction gas supply conduit to one of the 
two electrodes and the oxidizing gas is led through the 
oxidizing gas supply conduit to the other of the two elec- 
trodes, a potential difference is generated between the 
two electrodes via the electrolyte membrane. Since the 

45 predetermined load is connected between the two elec- 
trodes, the existence of carbon monoxide in the reaction 
gas reduces the potential difference between the two 
electrodes. The concentration of carbon monoxide 
included in the reaction gas can thus be calculated from 

so the observed potential difference. In this manner, the 
simple structure enables detection of the concentration 
of carbon monoxide. 

In accordance with one preferable structure, the 
first fuel-cells generator system of the present invention 

55 further includes: a reformer for reforming methanol and 
producing a hydrogen-rich gas as the reaction gas con- 
taining hydrogen; methanol concentration detection 
means for observing a concentration of methanol 
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included in the reaction gas; and reformer operation 
control means for, when the concentration of methanol 
observed by the methanol concentration detection 
means is not less than a predetermined level and the 
lowered output detection means detects a decrease in 5 
output of the fuel cells, controlling operation of the 
reformer, thereby lowering the concentration of metha- 
nol included in the reaction gas. 

In case that a decrease in output of the fuel cells is 
detected while the concentration of methanol included 
in the reaction gas produced by the reformer is equal to 
or greater than a predetermined level, this preferable 
structure controls the operation of the reformer, so as to 
reduce the concentration of methanol included in the 
reaction gas. This structure can accordingly enhance 
the output of the fuel cells when the high concentration 
of methanol in the reaction gas causes the lowered out- 
put of the fuel cells. When the poisoned catalyst causes 
the lowered output of the fuel cells, the fuel-cells gener- 
ator system of this structure can also enhance the out- 
put of the fuel cells in the same manner as the first fuel- 
cells generator system discussed above. This structure 
ascribes the lowered output of the fuel cells either to the 
poisoned catalyst or to the high concentration of metha- 
nol in the reaction gas and takes a required measure 
according to the cause, thereby effectively enhancing 
the output of the fuel cells. 

In the fuel-cells generator system of this structure, 
the poisoned state detection means may include: an 
electrolyte membrane; two electrodes arranged across 
the electrolyte membrane and having a catalyst carried 
thereon; a reaction gas supply conduit for feeding a sup- 
ply of the reaction gas to one of the two electrodes; an 
oxidizing gas supply conduit for feeding a supply of an 
oxygen-containing, oxidizing gas to the other of the two 
electrodes; potential difference measurement means for 
measuring a potential difference between the two elec- 
trodes; and load switching means for switching between 
a first state, in which a predetermined load is connected 
between the two electrodes, and a second state, in 
which the predetermined load is disconnected from the 
two electrodes. In this structure, the methanol concen- 
tration detection means includes methanol concentra- 
tion calculation means for calculating the concentration 
of methanol included in the reaction gas, based on the 
potential difference measured by the potential differ- 
ence measurement means, in the second state selected 
by the load switching means. 

In this structure, when the reaction gas is led 
through the reaction gas supply conduit to one of the 
two electrodes and the oxidizing gas is led through the 
oxidizing gas supply conduit to the other of the two elec- 
trodes, a potential difference is generated between the 
two electrodes via the electrolyte membrane. At this 
moment, the load switching means selects the second 
state, in which the predetermined load is disconnected 
from the two electrodes. The existence of methanol in 
the reaction gas reduces the potential difference 



between the two electrodes. The concentration of meth- 
anol included in the reaction gas can thus be calculated 
from the observed potential difference. 

In the fuel-cells generator system of the above 
structure, the poisoned state detection means may fur- 
ther include: carbon monoxide concentration calculation 
means for calculating a concentration of carbon monox- 
ide included in the reaction gas, based on the potential 
difference measured by the potential difference meas- 
urement means, in the first state selected by the load 
switching means; and means for detecting the poisoned 
state of the catalyst, based on the calculated concentra- 
tion of carbon monoxide. 

In this structure, when the load switching means 
selects the first state, in which the predetermined load is 
connected between the two electrodes, the existence of 
carbon monoxide in the reaction gas reduces the poten- 
tial difference between the two electrodes. The concen- 
tration of carbon monoxide included in the reaction gas 
can thus be calculated from the observed potential dif- 
ference. When the load switching means selects the 
second state, in which the predetermined load is dis- 
connected from the two electrodes, on the other hand, 
the concentration of methanol included in the reaction 
gas can be calculated as discussed above. Simple addi- 
tion of the load switching means and the methanol con- 
centration calculation means to the structure of 
detecting carbon monoxide enables detection of both 
carbon monoxide and methanol. This simple structure 
realizes the functions of both the poisoned state detec- 
tion means and the methanol concentration detection 
means. 

In the first fuel-cells generator system of the 
present invention, the fuel cells may include: an electro- 
lyte membrane; a first electrode arranged in close con- 
tact with one surface of the electrolyte membrane as the 
electrode receiving a supply of the reaction gas; and a 
second electrode arranged in close contact with the 
other surface of the electrolyte membrane and receiving 
a supply of an oxygen-containing, oxidizing gas. In this 
structure, the fuel-cells generator system further 
includes: oxidizing gas pressure control means for reg- 
ulating pressure of the oxidizing gas fed to the second 
electrode, thereby enabling the pressure of the oxidizing 
gas and the pressure of the reaction gas fed to the first 
electrode to satisfy a predetermined relationship. 

In this structure, even when the gas pressure con- 
trol means varies the pressure of the reaction gas, the 
oxidizing gas pressure control means enables the pres- 
sure of the reaction gas and the pressure of the oxidiz- 
ing gas to satisfy a predetermined relationship. The 
fuel-cells generator system of this structure can be 
driven stably under desired pressure conditions of the 
reaction gas and the oxidizing gas. 

In the fuel-cells generator system of the above 
structure, the predetermined relationship may enable 
the pressure of the oxidizing gas and the pressure of the 
reaction gas to hold a fixed order of magnitude. This 
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structure ensures the stable operation of the fuel-cells 
generator system, since the order of magnitude is fixed 
with respect to the pressure of the reaction gas and the 
pressure of the oxidizing gas. 

In the fuel-cells generator system of the above 
structure, the predetermined relationship may enable a 
difference between the pressure of the oxidizing gas 
and the pressure of the reaction gas to be not greater 
than a predetermined value. In general, a large pres- 
sure difference between the reaction gas and the oxidiz- 
ing gas increases the pressure applied to the electrolyte 
membrane and may cause the electrolyte membrane to 
be destroyed. This structure keeps the pressure differ- 
ence within the range of not greater than the predeter- 
mined value, thereby protecting the electrolyte 
membrane from damages. 

In the fuel-cells generator system of the above 
structure, the predetermined relationship may enable a 
difference between the pressure of the oxidizing gas 
and the pressure of the reaction gas to be kept con- 
stant. This structure also prevents the electrolyte mem- 
brane from being damaged by the pressure difference. 

In accordance with another preferable application, 
the first fuel-cells generator system further includes: 
restoration means for, when no decrease in output of 
the fuel cells is detected by the lowered output detection 
means after execution of the pressure regulation of the 
reaction gas by the gas pressure control means, return- 
ing the temperature of the fuel cells to a non-controlled 
temperature of the fuel cells, which represents a value 
before the increase by the temperature control means, 
and returning the pressure of the reaction gas to a non- 
controlled pressure of the reaction gas, which repre- 
sents a value before the regulation by the gas pressure 
control means. 

In this structure, after the lowered battery output 
due to the poisoned catalyst is recovered, the controlled 
temperature of the fuel cells and the controlled pressure 
of the reaction gas are returned to the original values. 
The fuel-cells generator system can thus be driven 
under the condition of the non-controlled fuel cell tem- 
perature and fuel gas pressure, which represent values 
before the decrease in output voltage, in order to give a 
desired output voltage. 

The present invention is also directed to a first 
method of generating , electricity from fuel cells, which 
receive a supply of a reaction gas fed to an electrode 
with a catalyst carried thereon and generate an electro- 
motive force through a chemical reaction of the reaction 
gas. The first method includes the steps of: 



8 

In the first method of the present invention, the step 
(a) controls the temperature of the fuel cells to be higher 
than the ideal operating temperature, and the step (b) 
controls the pressure of the reaction gas supplied to the 

s electrode. This structure regulates the pressure of the 
reaction gas, in order to enable the partial vapor pres- 
sure in the reaction gas to be kept in the predetermined 
range even under the condition of the increased temper- 
ature of the fuel cells. 

10 Extremely high temperature of the fuel cells height- 
ens the partial vapor pressure in the reaction gas and 
prevents a continuous supply of the reaction gas to the 
surface of the catalyst. The first method of the present 
invention, however, keeps the partial vapor pressure in 

15 the reaction gas within the predetermined range, 
thereby ensuring a continuous supply of the reaction 
substance included in the reaction gas. Even when the 
temperature of the fuel cells becomes higher than the 
ideal operating temperature, this structure ensures the 

20 high output of the fuel cells. 

The present invention is further directed to a sec- 
ond method of generating electricity from fuel cells, 
which receive a supply of a reaction gas fed to an elec- 
trode with a catalyst carried thereon and generate an 

25 electromotive force through a chemical reaction of the 
reaction gas. The second method includes the steps of: 

(a) detecting a decrease in output of the fuel cells; 

(b) detecting a poisoned state of the catalyst; 

30 (c) when the poisoned state of the catalyst is 
detected in the step (b) and a decrease in output of 
the fuel cells is detected in the step (a), increasing 
temperature of the fuel cells; and 
(d) regulating pressure of the reaction gas supplied 
35 to the electrode in response to the temperature 
control carried out in the step (c), thereby enabling 
partial vapor pressure in the reaction gas to be kept 
within a predetermined range. 

40 The second method of the present invention has 
. the same functions and the effects as the first fuel-cells 
generator system of the present invention, and effec- 
tively enhances the battery output when a decrease in 
battery output is detected in the poisoned stated of the 
45 catalyst. 

These and other objects, features, aspects, and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
preferred embodiments with the accompanying draw- 
so ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



(a) controlling temperature of the fuel cells to be 
higher than an ideal operating temperature; and 

(b) regulating pressure of the reaction gas supplied 
to the electrode in response to the temperature 
control carried out in the step (a), thereby enabling 
partial vapor pressure in the reaction gas to be kept 
within a predetermined range. 
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Fig. 1 is a block diagram schematically illustrating 
55 structure of a fuel-cells generator system 1 as a first 
embodiment according to the present invention; 
Fig. 2 illustrates a unit cell structure of a stack of 
fuel cells 10; 
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Fig. 3 illustrates a general structure of the stack of 
fuel cells 10; 

Rg. 4 is a vertical sectional view illustrating a car- 
bon monoxide sensor 30: 

Rg. 5 is a graph showing the potential difference s 
plotted against the concentration of carbon monox- 
ide included in the object gas measured by the car- 
bon monoxide sensor 30 ; 

Rg. 6 is a flowchart showing a routine of controlling 
the battery output executed by the CPU 38a ol an 10 
electronic control unit 38; 

Fig. 7A is a graph showing the pressure of gaseous 
fuel plotted against the temperature of fuel cells; 
Rg. 7B is a flowchart showing a routine of control- 
ling the battery output, which includes the process- is 
ing at the time of restoration of the temperature of 
fuel cells and the pressure of gaseous fuel; 
Rg. 8 is a graph showing a current-voltage charac- 
teristic curve of the unit cell in the stack of fuel cells 
1 0 of the first embodiment; 20 
Rg. 9 is a block diagram schematically illustrating 
structure of a fuel-cells generator system 201 as a 
second embodiment according to the present 
invention; 

Rgs. 10 and 1 1 are flowcharts showing a routine of 25 

controlling the battery output executed by the CPU 

in the second embodiment; 

Rg. 12 is a block diagram schematically illustrating 

structure of a fuel-cells generator system 301 as a 

third embodiment according to the present inven- 30 

tion; 

Rgs. 13 and 14 are flowcharts showing a routine of 
controlling the battery output executed by the CPU 
in the third embodiment; 

Rg. 1 5 is a block diagram schematically illustrating 35 
structure of a fuel-cells generator system 501 as a 
fourth embodiment according to the present inven- 
tion; 

Rg. 16 shows a vertical section of a carbon monox- 
ide sensor 530 with the electronic control unit 38; 40 
Rg. 17 is a graph showing the relationship between 
the concentration of methanol included in the object 
gas measured by the carbon monoxide sensor 530 
and the open circuit voltage OC V between the elec- 
trodes 62 and 64; 45 
Rg. 18 is a graph showing the relationship between 
the concentration of methanol included in the object 
gas measured by the carbon monoxide sensor 530 
and the open circuit voltage OCV measured by a 
voltmeter 82; 50 
Rg. 19 is a flowchart showing a routine of reading 
the sensor outputs executed by the CPU in the 
fourth embodiment; 

Rg. 20 is a flowchart showing a main routine exe- 
cuted by the CPU in the fourth embodiment; 55 
Rg. 21 is a block diagram schematically illustrating 
structure of a fuel-cells generator system 701 as a 
fifth embodiment according to the present inven- 



tion; 

Rg. 22 is a flowchart showing a routine of regulat- 
ing the pressure of oxygen-containing gas executed 
by the CPU in the fifth embodiment; 
Rg. 23 is a graph showing variations in pressure Pa 
of gaseous fuel and pressure Pc of oxygen-contain- 
ing gas plotted against the temperature of fuel cells 
in the fifth embodiment; 

Rg. 24 is a graph showing variations in Pa and Pc 
plotted against the temperature of fuel cells under 
the condition of Pa > Pc; 

Rg. 25 is a graph showing variations in Pa and Pc 
plotted against the temperature of fuel cells under 
the condition of Pa = Pc ; 

Rg. 26 is a flowchart showing a routine of regulat- 
ing the pressure of oxygen-containing gas executed 
by the CPU in a sixth embodiment according to the 
present invention; 

Rg. 27 is a graph showing variations in pressure Pa 
of gaseous fuel and pressure Pc of oxygen-contain- 
ing gas plotted against the temperature of fuel cells 
in the sixth embodiment; 

Rg. 28 is a flowchart showing a routine of regulat- 
ing the pressure of oxygen-containing gas executed 
by the CPU in a seventh embodiment according to 
the present invention; 

Rg. 29 is a graph showing variations in pressure Pa 
of gaseous fuel and pressure Pc of oxygen-contain- 
ing gas plotted against the temperature of fuel ceils 
in the seventh embodiment; 
Rg. 30 is a flowchart showing a routine of regulat- 
ing the pressure of oxygen-containing gas executed 
by the CPU in an eighth embodiment according to 
the present invention; 

Rg. 31 is a graph showing variations in pressure Pa 
of gaseous fuel and pressure Pc of oxygen-contain- 
ing gas plotted against the temperature of fuel cells 
in the eighth embodiment; 
Rg. 32 is a flowchart showing a routine of regulat- 
ing the pressure of oxygen-containing gas executed 
by the CPU in a ninth embodiment according to the 
present invention; and 

Rg. 33 is a graph showing variations in pressure Pa 
of gaseous fuel and pressure Pc of oxygen-contain- 
ing gas plotted against the temperature of fuel cells 
in the ninth embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In order to further clarity the structures and func- 
tions of the present invention, some modes of carrying 
out the present invention are discussed below as pre- 
ferred embodiments. 

Rg. 1 is a block diagram schematically illustrating 
structure of a fuel-cells generator system 1 as a first 
embodiment according to the present invention. The 
fuel-cells generator system 1 includes a stack of poly- 
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mer electrolyte fuel cells 10 for generating electricity, a 
reformer 16 for receiving supplies of methanol and 
water fed from a methanol tank 12 and a water tank 14 
and producing a hydrogen-rich gas, a gaseous fuel sup- 
ply conduit 1 7 for feeding the hydrogen-rich gas pro- 
duced by the reformer 16 as a gaseous fuel to the stack 
of fuel cells 10, a gaseous fuel discharge conduit 18 for 
making the gaseous fuel discharged from the stack of 
fuel cells 10 flown outside, and a back-pressure regulat- 
ing valve 19 for regulating the opening of the gaseous 
fuel discharge conduit 18. 

The fuel-cells generator system 1 further includes a 
circulation path 22 for circulating the cooling water 
through a cooling plate 20 built in the stack of fuel cells 
10 as well as a cooling water pump 24 and a radiator 26 
disposed in the circulation path 22. 

There are a variety of sensors for detecting the 
operating conditions of the fuel cells. Such sensors 
include a carbon monoxide sensor 30 disposed in the 
middle of the gaseous fuel discharge conduit 18 for 
measuring the concentration of carbon monoxide 
included in the gaseous fuel, a voltmeter 32 for measur- 
ing the voltage of electric signals output from the stack 
of fuel cells 10, a temperature sensor 34 consisting of 
thermocouples for measuring the temperature of the 
unit cell in the stack of fuel cells 10. and a pressure sen- 
sor 36 for measuring the pressure of the gaseous fuel. 
The fuel-cells generator system 1 also has an electronic 
control unit 38 that is electrically connected with such 
sensors and carries out a variety of control operations. 

The following describes structure of the stack of 
fuel cells 10. The stack of fuel cells 10 consists of poly- 
mer electrolyte fuel cells as mentioned above, and each 
unit cell has the structure shown in Fig. 2. Each unit cell 
has an electrolyte membrane 41 , an anode 42 and a 
cathode 43, which are gas diffusion electrodes 
arranged across the electrolyte membrane 41 to con- 
struct a sandwich-like structure 40, separators 44 and 
45, which are disposed outside the sandwich-like struc- 
ture 40 and respectively connected to the anode 42 and 
the cathode 43 to form flow paths of gaseous fuel and 
oxygen-containing gas, and collector plates 46 and 47, 
which are disposed further outside the separators 44 
and 45 and function as current collectors of the anode 
42 and the cathode 43. 

The electrolyte membrane 41 is an ion-exchange 
membrane composed of a polymer material, such as a 
fluororesin, and shows favorable electrical conductivity 
in the wet state. The anode 42 and the cathode 43 are 
made of carbon paper, carbon sheet, or carbon cloth, 
wherein carbon powder with a platinum catalyst carried 
thereon is incorporated in the interstices of the carbon 
paper, carbon sheet, or carbon cloth. 

The separators 44 and 45 are composed of a dense 
carbon plate. The separator 44 has a plurality of ribs 
that are combined with the surface of the anode 42 to 
define flow paths 44P of gaseous fuel, whereas the sep- 
arator 45 has a plurality of ribs that are combined with 



the surface of the cathode 43 to define flow paths 45P 
of oxygen-containing gas. The collector plates 46 and 
47 are made of a good conductor of electricity, such as 
copper (Cu). 

5 The stack of fuel cells 1 0 is obtained by laying a plu- 

rality of such unit cells discussed above one upon 
another. Fig. 3 shows the general structure of the stack 
of fuel cells 10. 

Trie stack of fuel cells 1 0 is a collection of a plurality 

10 of stack units U1 through Un (n is an integer of not 
smaller than 2 and, for example, equal to 100). One 
stack unit U1 is clearly shown in Fig. 3. The stack unit 
U1 is obtained by laying a plurality of (three in this 
example) the sandwich-like structures 40 including the 

75 electrolyte membrane 41 , the anode 42, and the cath- 
ode 43 (see Fig. 2) one upon another via separators 50 
(and the separators 44 and 45 shown in Fig. 2). The 
separators 50 are composed of the same material as 
that of the separators 44 and 45 of the unit cell shown in 

20 Fig. 2. Each separator 50 comes into contact with the 
anode 42 to define flow paths of gaseous fuel 44p and 
comes into contact with the cathode 43 to define flow 
paths of oxygen-containing gas 45p. In the stack unit 
U1 . the separator 44 (shown in Fig. 2) for defining only 

25 the flow paths of gaseous fuel 44p is disposed outside a 
right-most sandwich-like structure 40R. whereas the 
separator 45 (shown in Fig. 2) for defining only the flow 
paths of oxygen-containing gas 45p is disposed outside 
a left-most sandwich-like structure 40L 

30 The other stack units U2 through Un have the same 
structure as that of the stack unit U1 discussed above. 
These n stack units U1 through Un are connected in 
series via the cooling plates 20 described above with 
the drawing of Fig. 1 . The cooling plates 20 are also dis- 

35 posed outside the both ends of the n stack units U1 
through Un, and the collector plates 46 and 47 (dis- 
cussed above) are further disposed outside the cooling 
plates 20. The whole structure is interposed between 
end plates 56 and 57 via insulating plates 54 and 55 and 

40 damped with a clamping bolts 58. 

Each cooling plate 20 has internal flow paths, 
through which the cooling water flows. Point A in the 
vicinity of a junction of flow paths connected to one 
sides of the respective cooling plates 20 and Point B in 

45 the vicinity of another junction of flow paths connected 
to the other sides of the respective cooling plates 20 are 
joined with the circulation path 22 (see Fig. 1), in order 
to constitute a cooling water system. 

The inlets of the flow paths of gaseous fuel 44p in 

so the respective unit cells included in the stack of fuel 
cells 10 are connected to the gaseous fuel supply con- 
duit 17 via a manifold (shown by the two-dot chain line 
in Fig. 3). The outlets of the flow paths of gaseous fuel 
44p in the respective unit celts included in the stack of 

55 fuel cells 10 are connected to the gaseous fuel dis- 
charge conduit 18 via a manifold (shown by the two-dot 
chain line in Fig. 3). 

The pressure sensor 36 is arranged in a flow path 
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connecting with the flow paths of gaseous fuel 44p in a 
predetermined unit cell of the stack unit U1, whereas 
the temperature sensor 34 is also connected to the pre- 
determined unit cell. 

The following describes structure of the carbon 5 
monoxide sensor 30, based on the vertical sectional 
view of Fig. 4. The carbon monoxide sensor 30 includes 
an electrolyte membrane 60, two electrodes 62 and 64 
arranged across the electrolyte membrane 60 to consti- 
tute a sandwich-like structure, two meshed metal plates 
66 and 68 arranged across the sandwich-like structure 
for preventing deflection of the sandwich-like structure, 
two holders 70 and 72 for fixing the sandwich-like struc- 
ture and the metal plates 66 and 68, and an insulating 
member 74 for coupling the holders 70 and 72 with each 
other in an electrically insulating state. 

The electrolyte membrane 60 is a proton-conduc- 
tive membrane composed of a polymer electrolyte 
material, such as a fluororesin. The electrodes 62 and 
64 are made of an electrode base material, such as car- 
bon paper, carbon sheet, or carbon cloth, wherein car- 
bon powder with a platinum catalyst carried thereon is 
incorporated in the interstices of the electrode base 
material. The electrolyte membrane 60 is joined with the 
electrodes 62 and 64 according to any one of the follow- 
ing methods: 

(1) applying a catalytic powder, which has been 
coated in advance by making platinum carried on 
the surface of carbon powder, onto the surface of 
the electrode bases (carbon cloth or carbon paper), 
and integrating the electrolyte membrane 60 with 
the electrode bases by hot pressing; 

(2) applying a catalytic powder, which has been 
coated in advance by making platinum carried on 
the surface of carbon powder, onto the surface of 
the electrode bases, and bonding the electrolyte 
membrane 60 to the electrode bases via a proton- 
conductive polymer electrolyte solution; and 

(3) dispersing a catalytic powder, which has been 
coated in advance by making platinum carried on 
the surface of carbon powder, in an appropriate 
organic solvent to a paste, applying the paste onto 
the surface of the electrolyte membrane 60 by. for 
example, screen printing, and integrating the elec- 
trolyte membrane 60 with the electrode bases by 
hot pressing. 

The carbon powder with the platinum catalyst car- 
ried thereon is prepared in the following manner. An 
aqueous solution of chloroplatinic acid is mixed with 
sodium thiosulfate to yield an aqueous solution of plati- 
num sulfite complex. Hydrogen peroxide is added drop- 
wise to the aqueous solution of platinum sulfite complex 
with stirring, so that platinum colloidal particles are 
deposited in the aqueous solution. Carbon black func- 
tioning as a carrier is then added to the aqueous solu- 
tion with stirring, so that the platinum colloidal particles 



adhere to the surface of carbon black. Examples of 
available carbon black include Vulcan XC-72 (trade 
name by CABOT Corp., the USA) and Denka Black 
(trade name by DENKI KAGAKU KOGYO K.K.) The car- 
bon black with platinum particles adhering thereto is 
separated by filtration under reduced pressure or by 
pressure filtration of the aqueous solution, washed 
repeatedly with deionized water, and completely dried 
at room temperature. The dried carbon black aggregate 
is ground with a grinder and heated in a reducing hydro- 
gen atmosphere at 250°C through 350°C for approxi- 
mately 2 hours, with a view to reducing platinum on the 
carbon black and completely removing the remaining 
chlorine. 

The catalytic powder incorporated in the electrolyte 
membranes 42 of the stack of fuel cells 10 is also pre- 
pared in the above manner. 

The meshed metal plates 66 and 68 have the struc- 
ture that enables gases to be flown into the electrodes 
62 and 64. Preferable material for the meshed metal 
plates 66 and 68 has excellent electrical conductivity 
and good rust preventing properties and does not cause 
hydrogen brittleness; for example, titanium and stain- 
less steel. As another example, the metal plates 66 and 
68 may be meshed copper plates having the surface 
coated with (for example, plated with) a metal, such as 
gold, platinum, or titanium. As long as the required prop- 
erties including excellent electrical conductivity are sat- 
isfied, porous carbon plates, foamed nickel plates, and 
engineering plastics having the surface coated with (for 
example, plated with) a metal, such as gold, platinum, or 
titanium, may also be applicable as the metal plates 66 
and 68. 

The holders 70 and 72 respectively have flanges 
70a and 72a projected inward from the cylindrical holder 
structures 70 and 72. The electrolyte membrane 60, the 
pair of electrodes 62 and 64, and the meshed metal 
plates 66 and 68 are supported by these flanges 70a 
and 72a of the holders 70 and 72. Preferable material 
for the holders 70 and 72 has excellent electrical con- 
ductivity and good rust preventing properties and does 
not cause hydrogen brittleness; for example, titanium 
and stainless steel. As another example, the holders 70 
and 72 may be copper plates having the surface coated 
with (for example, plated with) a metal, such as gold, 
platinum, or titanium. As long as the required properties 
including excellent electrical conductivity are satisfied, 
dense carbon plates and engineering plastics having 
the surface coated with (for example, plated with) a 
metal, such as gold, platinum, or titanium, may also be 
applicable as the holders 70 and 72. 

The holder 72 is provided with an O-ring 76, which 
comes into contact with the electrolyte membrane 60 
and prevents an atmosphere of one electrode from leak- 
ing to the other electrode. Another structure of ensuring 
the sealing properties may also be applicable instead of 
the O-ring 76; for example, an end portion of the electro- 
lyte membrane 60 is bonded to the holder 72 with an 
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adhesive or by means of thermal contact bonding. 

The holders 70 and 72 respectively have, on the cir- 
cumference thereof, outer screw threads 70b and 72b, 
which mate and engage with inner screw threads 74a 
and 74b formed inside the insulating member 74. 
Engagement of the mating screw threads 70b,72b and 
74a,74b enables the holders 70 and 72 to connect with 
each other and securely support the sandwich structure 
of electrode 62-electrolyte membrane 60-electrode 64 
placed therebetween. Prelerable material for the insu- 
lating member 74 is, for example, Poly Tetrafluoro eth- 
ylene (trade name: Teflon). 

The carbon monoxide sensor 30 further includes a 
gas in-flow conduit 78 that is joined with one holder 70 
via mating screw threads. The gas in-flow conduit 78 
leads a gaseous fuel or an object gas to be detected 
into the electrode 62, and is composed of an insulating 
material. The other holder 72 does not connect with any 
specific gas conduit, but the electrode 64 is exposed to 
the atmosphere. 

The carbon monoxide sensor 30 is also provided 
with a circuit 80, which electrically connects detection 
terminals 70T and 72T of the holders 70 and 72 with 
each other. The circuit 80 includes a voltmeter 82 and a 
resistor 84 for adjusting the load current, which are 
arranged in parallel between the detection terminals 
70T and 72T. Connection of the voltmeter 82 is deter- 
mined to give negative polarity to the detection terminal 
70T of the holder 70 on the side of the electrode 62 
exposed to the gaseous fuel and positive polarity to the 
detection terminal 72T of the holder 72 on the side of 
the electrode 64 exposed to the atmosphere. Signals of 
the voltmeter 82 are output to ah external control sys- 
tem. 

The carbon monoxide sensor 30 thus constructed 
is linked with a branched opening 17a of the gaseous 
fuel supply conduit 17 via mating screw threads. The 
carbon monoxide sensor 30 is used to measure the 
concentration of carbon monoxide (CO) included in a 
supply of gaseous fuel fed to the fuel cells (not shown in 
Fig. 4). 

The following description regards the process of 
measuring carbon monoxide included in the hydrogen- 
rich gas (that is, the gaseous fuel or the object gas to be 
detected) with the carbon monoxide sensor 30. A sup- 
ply of gaseous hydrogen included in the hydrogen-rich 
gas is fed to the electrode 62 of the carbon monoxide 
sensor 30, while a supply, of oxygen included in the 
atmosphere is fed to the electrode 64. Reactions 
expressed by Equations (1) and (2) given below accord- 
ingly proceed on the surface of the electrodes 62 and 64 
across the electrolyte membrane 60: 

H 2 ->2H + + 2e- (1) 

, 2H + + 2e-+(1/2)0 2 ->H 2 0 (2) 

These reactions are identical with those proceeding 



in the fuel cells, which receive hydrogen and oxygen as 
fuels and generate electrical energy. An electromotive 
force is thus generated between the electrodes 62 and 
64. Since the resistor 84 is connected between the elec- 

5 trodes 62 and 64 in this embodiment, the voltmeter 82 
measures the potential difference between the elec- 
trodes 62 and 64 when a predetermined electric current 
is flown through the circuit under a predetermined load- 
ing connected between the electrodes 62 and 64. The 

10 potential difference decreases with an increase in con- 
centration of carbon monoxide included in the object 
gas. This phenomenon is ascribed to the following rea- 
sons. 

The reaction expressed by Equation (1) given 

is above proceeds on the electrode 62, in which the car- 
bon powder having the platinum catalyst carried ther- 
eon is incorporated. Carbon monoxide existing in the 
object gas is adsorbed by the catalyst and interferes 
with the catalytic action; namely, carbon monoxide poi- 

20 sons the catalyst. The degree of poisoning is large for 
the high concentration of carbon monoxide included in 
the object gas and small for the low concentration of 
carbon monoxide. The potential difference between the 
detection terminals 70T and 72T is measured, while the 

25 reactions expressed by Equations (1) and (2) continu- 
ously proceed on the electrodes 62 and 64. In this state, 
the potential difference reflects the concentration of car- 
bon monoxide included in the object gas, and the meas- 
urement of potential difference determines the 

30 concentration of carbon monoxide included in the object 
gas. Connection of one detection terminal 70T with the 
other detection terminal 72T via the resistor 84 enables 
the reactions of Equations (1) and (2) to continuously 
proceed on the electrodes 62 and 64. Under such con- 

35 ditions, the potential difference is measured between 
the detection terminals 70T and 72T. 

The relationship between the concentration of car- 
bon monoxide and the measurement of the voltmeter 82 
is determined previously with gases containing known 

40 concentrations of carbon monoxide. The concentration 
of carbon monoxide included in the object gas is then 
determined according to this relationship. In accord- 
ance with a concrete procedure, a map A representing 
the relationship between the concentration of carbon 

45 monoxide included in the object gas and the potential 
difference measured by the voltmeter 82, for example, a 
map shown in Fig. 5, is stored in advance in a ROM of 
the electronic control unit 38 (see Fig. 1). The electronic 
control unit 38 refers to the map A and executes arith- 

so metic and logic operations to determine the concentra- 
tion of carbon monoxide. The existence of hydrogen 
does not affect the sensitivity of detection in the meas- 
urement of the concentration of carbon monoxide. The 
concentration of carbon monoxide included even in the 

55 hydrogen-rich object gas or the gaseous fuel supplied to 
the fuel cells can thus be determined with high preci- 
sion. 

Referring back to Fig. 1 , the electronic control unit 
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38 is constructed as a microcomputer-based, arithmetic 
and logic circuit. The electronic control unit 38 includes 
a CPU 38a that executes predetermined arithmetic and 
logic operations according to preset control programs, a 
ROM 38b, in which control programs and control data 5 
required for the arithmetic and logic operations exe- 
cuted by the CPU 38a are stored in advance, a RAM 
38c, which a variety of data required for the arithmetic 
and logic operations executed by the CPU 38a are tem- 
porarily written in and read from, an input processing 
circuit 38d for receiving output signals from the carbon 
monoxide sensor 30 and the voltmeter 32, and an out- 
put processing circuit 38e for outputting control signals 
to the back-pressure regulating valve 19 based on the 
results of operations executed by the CPU 38a. 

In the drawings of Figs. 1 through 3, only the sys- 
tem of gaseous fuel on the side of the anode is illus- 
trated, while the system of oxygen-containing gas on 
the side of the cathode is omitted. 

The electronic control unit 38 thus constructed 
adjusts the position of the back-pressure regulating 
valve 1 9 and thereby varies the flow rate of the gaseous 
fueE fbwing through the flow paths 44p in the stack of 
fuel cells 10, so as to control the output from the stack 
of fuel cells 10. 

The electronic control unit 38 carries out a routine 
of controlling the battery output shown in the flowchart 
of Fig. 6. This control routine is repeatedly executed by 
the CPU 38a at predetermined time intervals, for exam- 
ple, at every 100 [msec], after the activation of the stack 
of fuel cells 10. When the program enters the routine of 
Fig. 6, the CPU 38a first reads an output voltage E of 
the stack of fuel cells 10 measured by the voltmeter 32 
at step S100 and an output voltage of the carbon mon- 
oxide sensor 30 as a concentration D of carbon monox- 
ide at step S110. The CPU 38a then reads a 
temperature T of the predetermined unit cell in the stack 
of fuel cells 10 (hereinafter referred to as the fuel cell 
temperature) measured by the temperature sensor 34 
at step S120 and a pressure P of the gaseous fuel 
(hereinafter referred to as the fuel gas pressure) meas- 
ured by the pressure sensor 36 at step S130. 

The CPU 38a subsequently subtracts a past output 
voltage E* read in a previous cycle of this control routine 
from the current output voltage E read at step S100 to 
calculate a difference AE, and compares the difference 
AE with a predetermined voltage -E0 (E0 > 0) at step 
S140. The result of comparison determines whether or 
not the output voltage E of the fuel cells has been low- 
ered by the amount of change that is not less than the 
predetermined voltage E0. When the difference AE is 
not smaller than the predetermined voltage -E0 at step 
S140, that is, when it is determined that the output volt- 
age E of the fuel cells has not been lowered by the 
amount of change which is not less than the predeter- 
mined voltage E0, the program goes to RETURN and 
exits from this routine. 

When the difference AE is smaller than the prede- 



termined voltage -E0 at step S140, that is, when it is 
determined that the output voltage E of the fuel cells has 
been lowered by the amount of change which is not less 
than the predetermined voltage E0, on the other hand, 
the program proceeds to step S150. The CPU 38a com- 
pares the concentration D of carbon monoxide read at 
step Si 10 with a predetermined concentration DO, in 
order to determine whether or not the catalyst on the 
anode 42 is poisoned at step S150. 

When the catalyst is determined to be poisoned at 
step S150, the CPU 38a adds a predetermined small 
value AT (>0) to the fuel cell temperature T read at step 
S120, so as to calculate a target fuel cell temperature tT 
at step S160. The CPU 38a then reads a target gas 
pressure tP corresponding to the target fuel cell temper- 
ature tTfrom a map B previously stored in the ROM 38b 
at step S1 70. The map B is a curve defined by the fuel 
cell temperature and the pressure of the gaseous fuel 
(hereinafter may be referred to as the fuel gas pressure) 
as shown in Fig. 7A. The fuel cell temperature and the 
fuel gas pressure are respectively 80°C and 1.5 atm 
(152 kPa) in an ideal operating condition of the stack of 
fuel cells 10. These values are set as standard condi- 
tions. The curve that has been experimentally obtained 
in advance represents the pressure of the gaseous fuel 
plotted against the fuel cell temperature while the partial 
vapor pressure of the gaseous fuel under the standard 
conditions is kept unchanged. At step S1 70, the CPU 
38a refers to the map B and reads the target gas pres- 
sure tP of the gaseous fuel that enables the predeter- 
mined partial vapor pressure to be kept constant at the 
target fuel cell temperature tT calculated at step S160. 

At subsequent step S180, the CPU 38a raises the 
actual fuel cell temperature to the target fuel cell tem- 
perature tT calculated at step S160. In accordance with 
a concrete procedure, the CPU 38a drives the cooling 
water pump 24 in the cooling water system when the 
actual fuel cell temperature exceeds the target fuel cell 
temperature tT t and stops the cooling water pump 24 
when the actual fuel cell temperature becomes lower 
than the target fuel cell temperature tT, thereby control- 
ling the actual fuel cell temperature to the target fuel cell 
temperature tT The program proceeds to step S190, at 
which the CPU 38a raises the actual pressure of the 
gaseous fuel supplied to the anode 42 to the target gas 
pressure tP obtained at step S170. In accordance with 
a concrete procedure, the CPU 38a calculates a differ- 
ence between the current gas pressure P read at step 
S130 and the target gas pressure tP and regulates the 
position of the back-pressure regulating valve 19 in the 
closing direction by an amount corresponding to the cal- 
culated difference, thereby controlling the gas pressure 
P in the gaseous fuel discharge conduit 18 to the target 
gas pressure tP. Although the processes of steps S180 
and S190 are shown as separate steps for the conven- 
ience of illustration, these steps are carried out simulta- 
neously in the actual state. 

The CPU 38a then goes to RETURN and exits from 
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this routine. As mentioned above, this battery output 
control routine is repeatedly executed at predetermined 
time intervals. The repeated execution of steps S180 
and S190 enables both the fuel cell temperature and the 
pressure of the gaseous fuel to increase along the curve 
shown in the graph of Fig. 7 A. 

When the catalyst on the anode 42 is determined 
not to be poisoned at step S150. on the other hand, the 
CPU 38a controls the fuel cell temperature to the ideal 
operating temperature, 80°C, at step S192. The pro- 
gram then goes to RETURN and exits from this routine. 

In case that the lowered output voltage E is recov- 
ered after the execution of steps S180 and S190, the 
process gradually decreases the increased fuel cell 
temperature and the increased fuel gas pressure to the 
original levels. A concrete structure of this process if 
shown in the flowchart of Fig. 7B. The same step num- 
bers are allocated to the steps in Fig. 7B that are identi- 
cal with those in Fig. 6. In case that the answer is 
affirmative both at steps S140 and S150 after the exe- 
cution of steps S100 through S130 in Fig. 6, the CPU 
38a determines whether or not a flag FLAG is equal to 
zero at step S1 52. The flag FLAG is initially set equal to 
zero, which represents the state immediately after a 
switch to the affirmative answers at steps S140 and 
S1 50. In case that the flag FLAG is equal to zero at step 
S152, the program determines that the current state is 
immediately after the switch to the affirmative answers, 
and stores the fuel cell temperature T and the fuel gas 
pressure P at the moment into the RAM 38a as a non- 
controlled fuel cell temperature TO and a non-controlled 
fuel gas pressure P0 at step S154. The program then 
sets the flag FLAG equal to one at step S156 and pro- 
ceeds to step S160. In case that the flag FLAG is not 
equal to zero at step S152, on the other hand, the pro- 
gram skips the processing of steps S154 and S156 and 
directly goes to step S160. 

When the answer becomes negative at step S140. 
the program goes to step S1 42 to determine whether or 
not the flag FLAG is equal to one. In case that the flag 
FLAG is equal to one at step S1 42, the CPU 38a gradu- 
ally decreases the fuel cell temperature T and the fuel 
gas pressure P to the non-controlled fuel cell tempera- 
ture TO and the non-controlled fuel gas pressure P0 at 
step S144. The program subsequently sets the flag 
FLAG equal to zero at step S146, and goes to 
RETURN. In case that the flag FLAG is not equal to one 
at step S1 42, on the contrary, the program skips the 
processing of steps S144 and S146 and directly goes to 
RETURN. 

When the lowered output voltage E is recovered 
through the control operations of the fuel cell tempera- 
ture and the fuel gas pressure, the battery output con- 
trol routine shown in the flowchart of Fig. 7B gradually 
restores the fuel cell temperature T and the fuel gas 
pressure P to the non-controlled fuel ceil temperature 
TO and the non-controlled fuel gas pressure P0. 

As discussed above, the fuel-cells generator sys- 



tem 1 of the first embodiment gradually increases the 
fuel cell temperature when the output voltage E of the 
stack of fuel cells 1 0 has been lowered by the amount of 
change that is not less than the predetermined voltage 
5 EO and the catalyst on the anode 42 is poisoned. In this 
state, the fuel-cells generator system 1 also gradually 
increases the pressure of the gaseous fuel, in order to 
keep the partial vapor pressure in the gaseous fuel at a 
constant level even under the condition of the increased 
10 fuel cell temperature. 

The control of the fuel eel I temperature to the higher 
values lessens the amount of adsorption of carbon 
monoxide on the anodes 42 in the fuel cells. Since the 
partial vapor pressure in the gaseous fuel is kept con- 
15 stant irrespective of the increased fuel cell temperature, 
hydrogen included in the gaseous fuel can continuously 
be supplied to the catalyst on the anode 42. When the 
output voltage E of the stack of fuel cells 10 has been 
lowered by the amount of change that is not less than 
20 the predetermined voltage EO and the catalyst on the 
anode 42 is poisoned, the structure of the first embodi- 
ment enables the output voltage E to be recovered 
effectively 

The graph of Fig. 8 shows a current-voltage charac- 
25 teristic curve of the unit cell in the stack of fuel cells 10 
of the first embodiment. The curve represents an evalu- 
ation when the fuel cell temperature is controlled to 
100°C (the gas pressure is also controlled according to 
the fuel cell temperature) while the concentration of car- 
30 bon monoxide included in the gaseous fuel is 1 00 ppm. 
Compared with the characteristic curve of the fuel cell 
shown by the one<iot chain line and given as a compar- 
ative example, the characteristic curve of the unit cell of 
the first embodiment shown by the solid line has excel- 
35 lent results over the whole measured range of current 
density. The comparative example represents a prior art 
structure that increases only the fuel cell temperature 
while not controlling the pressure of the gaseous fuel, 
unlike the first embodiment discussed above. The 
40 results of comparison also show that the output voltage 
E of the stack of fuel cells 10 is recovered effectively 
when the catalyst is poisoned. 

In case that the lowered output voltage E is recov- 
ered, the structure of the first embodiment gradually 
45 restores the fuel cell temperature and the fuel gas pres- 
sure to the original levels. This enables the stack of fuel 
cells 10 to be operated at a desired output voltage E 
under the conditions of the original fuel cell temperature 
and the original fuel gas pressure that are values before 
so the decrease in output voltage E. 

Fig. 9 is a block diagram schematically illustrating 
structure of another fuel-cells generator system 201 as 
a second embodiment according to the present inven- 
tion. The fuel-cells generator system 201 of the second 
55 embodiment has all the constituents included in the 
fuel-cells generator system 1 of the first embodiment, 
wherein the like numerals denote the like elements. The 
fuel-cells generator system 201 further includes a gas 
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flowmeter 231 disposed in the gaseous fuel supply con- 
duit 1 7 connecting the reformer 1 6 with the stack of fuel 
cells 1 0 for measuring the intake amount of the gaseous 
fuel to the stack of fuel cells 10 and an ammeter 233 
connected to the stack of fuel cells 10 for measuring the 5 
output electric current from the stack of fuel cells 10. 

The gas flowmeter 231 and the ammeter 233 are 
connected to the input processing circuit 38d of the 
electronic control unit 38. The electronic control unit 38 
receives detection signals from the various sensors 10 
including these sensors 231 and 233 and adjusts the 
position of the back-pressure regulating valve 19 in 
response to the input detection signals, thereby varying 
the flow rate of the gaseous fuel flowing through the flow 
paths 44p in the stack of fuel cells 10, so as to control is 
the output from the stack of fuel cells 10. 

The electronic control unit 38 carries out a routine 
of controlling the battery output shown in the flowcharts 
of Figs. 10 and 11. This control routine is repeatedly 
executed by the CPU 38a at predetermined time inter- 20 
vals, for example, at every 100 [msec]. When the pro- 
gram enters the routine of Fig. 10, the CPU 38a first 
executes the processing of steps S300 through S340, 
which is identical with the processing of steps S100 
through S1 40 in the battery output control routine of the 25 
first embodiment shown in the flowchart of Fig. 6. 

En case that the answer is negative at step S340, 
that is. when it is determined that the output voltage E of 
the fuel cells has not been lowered by the amount of 
change which is not less than the predetermined volt- 30 
age E0, the program goes to RETURN and exits from 
this routine. In case that the answer is affirmative at step 
S340, that is, when it is determined that the output volt- 
age E of the fuel cells has been lowered by the amount 
of change which is not less than the predetermined volt- 35 
age E0, on the contrary, the program carries out the 
processing discussed below. 

The CPU 38a reads an output electric current I from 
the stack of fuel cells 1 0 measured by the ammeter 233 
at step S341 , and calculates a required flow MA of the 40 
gaseous fuel, which is theoretically required for the 
stack of fuel cells 10, from the output electric current I at 
step S342. The CPU 38a then reads an actual flow MB 
of the gaseous fuel, which is actually flown into the 
stack of fuel cells 1 0 via the gaseous fuel supply conduit 45 
1 7, from the gas flowmeter 231 at step S343. At subse- 
quent step S344, the CPU 38a calculates a utilization 
ratio R of the gaseous fuel by dividing the actual flow 
MB of the gaseous fuel read at step S343 by the 
required flow MA of the gaseous fuel calculated at step so 
S342 and multiplying the quotient by 100. 

The program then goes to step S345 in the flow- 
chart of Fig. 11, at which the CPU 38a determines 
whether or not the calculated utilization ratio R of the 
gaseous fuel is less than 100%. In case that the utiliza- ss 
tion ratio R of the gaseous fuel is less than 100%, the 
program determines the lowered output of the stack of 
fuel cells 10 under the condition of a sufficient supply of 



the gaseous fuel and carries out the processing of steps 
S350 through S392, which is identical with the process- 
ing of steps S150 through S192 in the battery output 
control routine of the first embodiment. 

In case that the answer is negative at step S3 45, 
that is, when the utilization ratio R of the gaseous fuel is 
not less than 100%, the program goes to step S394 to 
regulate control valves (not shown) and increase the 
amounts of water and methanol supplied to the reformer 
16. The process of step S394 supplements the gaseous 
fuel and thus lowers the utilization ratio R of the gase- 
ous fuel. The process of step S394 may be replaced by 
another process that relieves the loading connected to 
the stack of fuel cells 10 and decreases the output elec- 
tric current of the stack of fuel cells 10, in order to lower 
the utilization ratio R of the gaseous fuel. 

After any one of steps S390, S392, and S394, the 
program goes to RETURN and exits from this routine. 

In the control routine, it is assumed that the utiliza- 
tion ratio of the oxygen-containing gas supplied to the 
cathodes 43 in the stack of fuel cells 10 is always less 
than 100%. In the actual state, however, it is desirable to 
calculate the utilization ratio of the oxygen-containing 
gas and determine whether or not both the utilization 
ratio R of the gaseous fuel and the utilization ratio of the 
oxygen-containing gas are less than 100% at step 
S345. In case that either one of the utilization ratios 
becomes not less than 100%, the corresponding gas 
should be supplemented without delay. 

As discussed above, in case that the output voltage 
E of the stack of fuel cells 10 has been lowered, the fuel- 
cells generator system 201 of the second embodiment 
determines whether or not the gas utilization ratio on 
the anodes 42 is less than 100%, determines whether 
or not the catalyst is poisoned only when the gas utiliza- 
tion ratio is less than 100%, and carries out the control 
of the battery output according to the poisoned state of 
the catalyst. In case that the gas utilization ratio is not 
less than 100%, on the contrary, the system does not 
carry out the control, but immediately increases the 
amounts of water and methanol supplied to the reformer 
1 6 in order to lower the utilization ratio R of the gaseous 
fuel. When the gas utilization is not less than 100%, a 
decrease in battery output, which may be confused with 
a decrease in output due to the poisoned catalyst by 
carbon monoxide, is observed. This is because an 
increase in gas utilization ratio R increases the concen- 
tration of carbon monoxide at the gas outlet on the 
anodes' side even when the concentration of carbon 
monoxide at the gas inlet on the anodes* side is kept 
constant. 

The fuel-cells generator system 201 realizes highly- 
precise determination of the poisoned state of the cata- 
lyst, based on the various data including the observed 
gas utilization ratio R. This enables the lowered battery 
output due to the poisoned catalyst to be recovered with 
higher accuracy. Under the condition of the high gas uti- 
lization ratio R, the system of the second embodiment 
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does not unnecessarily carry out the control of the fuel 
cell temperature and the fuel gas pressure based on the 
poisoned state of the catalyst. 

Fig. 12 is a block diagram schematically illustrating 
structure of still another fuel-cells generator system 301 
as a third embodiment according to the present inven- 
tion. The fuel-cells generator system 301 of the third 
embodiment' has all the constituents included in the 
fuel-cells generator system 1 of the first embodiment, 
wherein the like numerals denote the like elements. The 
fuel-cells generator system 301 further includes a 
humidifier 303 disposed in the gaseous fuel supply con- 
duit 17 connecting the reformer 16 with the stack of fuel 
cells 10 for moistening the gaseous fuel supplied to the 
stack of fuel cells 10, a by-pass line 305 for by-passing 
the humidifier 303, an MFC (mass flow controller) 307 
disposed in the by-pass line 305 for regulating the flow 
in the by-pass line 305, and an impedance meter 334 for 
measuring the impedance of the stack of fuel cells 10. 

The impedance meter 334 is connected to the input 
processing circuit 38d of the electronic control unit 38. 
The electronic control unit 38 receives detection signals 
from the various sensors including the impedance 
meter 334 and adjusts the position of the back-pressure 
regulating valve 19 in response to the input detection 
signals, thereby varying the flow rate of the gaseous fuel 
flowing through the flow paths 44p in the stack of fuel 
cells 10. The electronic control unit 38 also regulates 
the control flow by the MFC 307, in order to vary the 
humidity of the gaseous fuel supplied to the stack of fuel 
cells 10. These regulations result in control of the output 
from the stack of fuel cells 10. 

The electronic control unit 38 carries out a routine 
of controlling the battery output shown in the flowcharts 
of Figs. 13 and 14. This control routine is repeatedly 
executed by the CPU 38a at predetermined time inter- 
vals, for example, at every 1 00 [msec]. When the pro- 
gram enters the routine of Fig. 13, the CPU 38a first 
executes the processing of steps S400 through S440, 
which is identical with the processing of steps Si 00 
through S1 40 in the battery output control routine of the 
first embodiment shown in the flowchart of Fig. 6. 

In case that the answer is negative at step S440, 
that is, when it is determined that the output voltage E of 
the fuel cells has not been lowered by the amount of 
change which is not less than the predetermined volt- 
age E0, the program goes to RETURN and exits from 
this routine. In case that the answer is affirmative at step 
S440, that is, when it is determined that the output volt- 
age E of the fuel cells has been lowered by the amount 
of change which is not less than the predetermined volt- 
age E0, on the contrary, the program carries out the 
processing discussed below. 

The CPU 38a first reads an impedance Z measured 
by the impedance meter 334 at step S442, and deter- 
mines whether or not the observed impedance Z is 
within a range of a predetermined first impedance Z1 to 
a predetermined second impedance Z2 (>Z1) at step 



S444 in the flowchart of Fig. 14. This determines 
whether or not the joint body of the electrolyte mem- 
brane 41, the anode 42, and the cathode 43 is neither 
too wet nor too dried but in the normal state. 

5 When the answer is affirmative at step S444, the 

program determines the lowered output of the stack of 
fuel cells 10 under the condition that the joint body of the 
electrolyte membrane 41, the anode 42, and the cath- 
ode 43 is neither too wet nor too dried but in the normal 

10 state, and carries out the processing of steps S450 
through S492, which is identical with the processing of 
steps S150 through S192 in the battery output control 
routine of the first embodiment. 

When the answer is negative at step S444, that is, 

75 when the observed impedance Z is not within the range 
of Z1 to Z2, on the other hand, the program goes to step 
S494. In case that the observed impedance Z is greater 
than the predetermined second impedance Z2, the 
CPU 38a outputs a control signal to the MFC 307 in 

20 order to decrease the flow of the hydrogen-rich gas in 
the by-pass line 305 at step S494. This regulation 
increases the relative ratio of the supply of the humid 
gas flowing through the humidifier 303 to the total sup- 
ply of the gas fed to the stack of fuel cells 1 0, thereby 

25 canceling the excessively-dried state of the stack of fuel 
cells 10. In case that the observed impedance Z is 
smaller than the predetermined first impedance Z1 , on 
the other hand, the CPU 38a outputs a control signal to 
the MFC 307 in order to increase the flow of the hydro- 

30 gen-rich gas in the by-pass line 305 at step S494. This 
regulation decreases the relative ratio of the supply of 
the humid gas flowing through the humidifier 303 to the 
total supply of the gas fed to the stack of fuel cells 10, 
thereby canceling the excessively-wet state of the stack 

35 of fuel cells 10. 

Although the excessively-wet state or the exces- 
sively-dried state of the stack of fuel cells 10 is can- 
celled by regulating the MFC 307 at step S494, another 
possible procedure controls the humidifier 303 (for 

40 example, controls the temperature of the humidifier 
303), so as to cancel the excessively-wet state or the 
excessively-dried state of the stack of fuel cells 1 0. 

After any one of steps S490, S492, and S494, the 
program goes to RETURN and exits from this routine. 

45 As discussed above, in case that the output voltage 
E of the stack of fuel cells 1 0 has been lowered, the fuel- 
cells generator system 301 of the third embodiment 
determines whether or not the observed impedance Z 
of the stack of fuel cells 10 is within the predetermined 

so range of Z1 to Z2, determines whether or not the cata- 
lyst is poisoned only when the observed impedance Z is 
within the range of Z1 to Z2, and carries out the control 
of the battery output according to the poisoned state of 
the catalyst. In case that the observed impedance Z is 

55 out of the predetermined range of Z1 to Z2. the system 
does not carry out the control, but immediately cancels 
the excessively-wet state or the excessively<lried state 
of the joint body of the electrolyte membrane 41, the 
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anode 42, and the cathode 43, in order to make the 
observed impedance Z within the predetermined range 
of Z1 to Z2. 

When the joint body of the electrolyte membrane 
41, the anode 42, and the cathode 43 is either too wet 
or too dried, a decrease in battery output, which may be 
confused with a decrease in output due to the poisoned 
catalyst by carbon monoxide, is observed. The fuel-cells 
generator system 301 measures the impedance Z of the 
stack of fuel cells 10, and determines whether or not the 
joint body of the electrolyte membrane 41 and the elec- 
trodes 42 and 43 is either too wet or too dried, based on 
the observed impedance Z. The system realizes highly- 
precise determination of the poisoned state of the cata- 
lyst, based on the various data including the result of 
determination regarding the state of the joint body. This 
enables the lowered battery output due to the poisoned 
catalyst to be recovered with higher accuracy. While the 
observed impedance Z is out of the predetermined 
range of Z1 to Z2, the system of the third embodiment 
does not unnecessarily carry out the control of the fuel 
cell temperature and the fuel gas pressure based on the 
poisoned state of the catalyst. 

Although the third embodiment adds the control 
based on the impedance Z to the structure of the first 
embodiment, another possible application adds the 
control based on the impedance Z to the structure of the 
second embodiment. In the latter structure, the control 
of the battery output based on the fuel cell temperature 
and the fuel gas pressure is prohibited when the gas uti- 
lization ratio is not less than 100% or when the imped- 
ance Z is out of the predetermined range of Z1 to Z2. In 
accordance with a concrete procedure, the processing 
of step S444 of the third embodiment shown in the flow- 
chart of Fig. 14, which determines whether or not the 
impedance Z is within the predetermined range of Z1 to 
Z2, is carried out in case that the answer is affirmative 
at step S345 of the second embodiment shown in the 
flowchart of Fig. 11. When the answer is negative at 
step S444, the program carries out the processing of 
step S494 in the flowchart of Fig. 14. When the answer 
is affirmative at step S444, on the cither hand, the pro- 
gram carries out the processing of step S350 in the 
flowchart of Fig. 1 1 . This structure enables the lowered 
battery output due to the poisoned catalyst to be recov- 
ered with further high accuracy. 

Fig. 15 is a block diagram schematically illustrating 
structure of another fuel-cells generator system 501 as 
a fourth embodiment according to the present invention. 
The fuel-cells generator system 501 of the fourth 
embodiment has a similar hardware structure to that of 
the fuel-cells generator system 1 of the first embodi- 
ment, except structure of a carbon monoxide sensor 
530. The same constituents as those of the f irst embod- 
iment are defined by the like numerals. 

Fig. 1 6 shows a vertical section of the carbon mon- 
oxide sensor 530 with the electronic control unit 38. The 
carbon monoxide sensor 530 of the fourth embodiment 
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has an additional function of measuring methanol 
included in the gaseous fuel, as well as the function of 
measuring carbon monoxide included in the gaseous 
fuel like the first embodiment. The carbon monoxide 

5 sensor 530 accordingly has the same constituents as 
those of the carbon monoxide sensor 30 of the first 
embodiment and a function switching mechanism 540. 
The function switching mechanism 540 includes a relay 
542 and a contact 544 of the relay 542. The function 

w switching mechanism 540 is arranged between the 
detection terminals 70T and 72T to be parallel to the 
voltmeter 82. The contact 544 of the relay 542 and the 
resistor 84 are arranged in series. 

In the off position of the relay 542, the contact 544 

15 of the relay 542 is open to disconnect the resistor 84 
from the detection terminals 70T and 72T. The potential 
difference measured by the voltmeter 82 in this state 
represents the open circuit voltage OCV between the 
electrodes 62 and 64. In the on position of the relay 542, 

20 on the other hand, the contact 544 of the relay 542 is 
closed to connect the resistor 84 with the detection ter- 
minals 70T and 72T. The potential difference measured 
by the voltmeter 82 in this state represents the potential 
difference between both terminals of the resistor 84. 

25 The relay 542 is connected to the output processing cir- 
cuit 38e of the electronic control unit 38 and driven and 
controlled by the electronic control unit 38. 

The electronic control unit 38 outputs a switching 
signal for switching the relay 542 between the on posi- 

30 tion and the off position to the carbon monoxide sensor 
530 via the output processing circuit 38e. The carbon 
monoxide sensor 530 receives the switching signal and 
works in the manner discussed below. 

In the on position of the relay 542 (that is, in the 

35 closed position of the contact 544), the resistor 84 is 
connected to the detection terminals 70T and 72T and 
the potential difference measured by the voltmeter 82 
represents the potential difference between both termi- 
nals of the resistor 84. In this state, the carbon monox- 

40 ide sensor 530 measures the concentration of carbon 
monoxide included in the hydrogen-rich gaseous fuel or 
the object gas in the same manner as the carbon mon- 
oxide sensor 30 of the first embodiment. In the off posi- 
tion of the relay 542 (that is, in the open position of the 

45 contact 544), on the contrary, the carbon monoxide sen- 
sor 530 measures the concentration of methanol 
included in the hydrogen-rich gaseous fuel. Measure- 
ment of the concentration of methanol follows a proce- 
dure discussed below. 

so In the carbon monoxide sensor 530, a supply of 
hydrogen in the gaseous fuel is fed to the electrode 62, 
whereas a supply of oxygen in the atmosphere is fed to 
the electrode 64. The reactions expressed by Equations 
(1) and (2) given previously thus proceed on the surface 

55 of the electrodes 62 and 64 across the electrolyte mem- 
brane 60. 

These reactions are identical with the reactions in 
the fuel cells that receive supplies of hydrogen and oxy- 
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gen and generate electricity, so that an electromotive 
force is generated between the electrodes 62 and 64. 
The electromotive force under the condition that no 
loading is connected between the electrodes 62 and 64 
is referred to as the open circuit voltage OCV, the open 
end voltage, or the non-loading voltage. In case that 
methanol exists in the object gas, the open circuit volt- 
age OCV between the electrodes 62 and 64 decreases 
with an increase in concentration of methanol. This is 
ascribed to the phenomenon that methanol in the object 
gas passes through the electrolyte membrane 60 and . 
reacts with oxygen on the surface of the electrode 64 
that is in contact with the electrolyte membrane 60, 
thereby lowering the potential on the electrode 64. 

The graph of Fig. 17 shows the relationship 
between the concentration of methanol included in the 
object gas and the open circuit voltage OCV between 
the electrodes 62 and 64. Four bars in the graph of Fig. 
1 7 represent the open circuit voltages OCV at each con- 
centration of methanol in the four different states, where 
the oxidizing gas of 1.0 atm (101 kPa), 1.5 atm (152 
kPa). 2.0 atm (203 kPa), or 2.5 atm (253 kPa) is sup- 
plied to the electrode 64 against the object gas of 1.5 
atm (152 kPa), as defined in the lower right box of the 
graph. As clearly seen from the graph of Fig. 17, the 
open circuit voltage OCV gradually decreases with an 
increase in concentration of methanol included in the 
object gas in all the four different states. 

In the carbon monoxide sensor 530, the open cir- 
cuit voltage OCV is measured by the voltmeter 82 and a 
detection signal representing the observed open circuit 
voltage OCV is input into the electronic control unit 38 
via the input processing circuit 38d. In the electronic 
control unit 38, the CPU 38a refers to a map that has 
been stored previously in ROM 38b and shows the rela- 
tionship between the concentration of methanol in the 
object gas and the open circuit voltage OCV measured 
by the voltmeter 82, for example, the graph of Fig. 18, 
and reads the concentration of methanol corresponding 
to the input open circuit voltage OCV. In this manner, the 
carbon monoxide sensor 530 detects the concentration 
of methanol included in the hydrogen-rich gas with high 
accuracy. 

The reformer 16 used in the fourth embodiment is 
identical with that of the first embodiment and has the 
structure discussed below. The reformer 16 includes a 
reformer unit 16a t in which methanol is decomposed to 
carbon monoxide and hydrogen and the carbon monox- 
ide thus obtained reacts with water to yield carbon diox- 
ide and hydrogen, a shift reaction unit 16b, in which the 
remaining carbon monoxide that has not reacted in the 
reformer unit 1 6a is made to react with water, and a par- 
tial oxidization unit 1 6c, in which only the remaining car- 
bon monoxide that has not reacted even in the shift 
reaction unit 16b is selectively oxidized. The respective 
units 16a through 16c are connected to the electronic 
control unit 38. The CPU 38a of the electronic control 
unit 38 controls the reformer unit 16a, the shift reaction 



unit 16b, and the partial oxidization unit 16c of the 
reformer 16, and changes the quality of the resulting 
hydrogen -rich gaseous fuel. 

The following describes the control of the battery 

s output executed by the electronic control unit 38 in the 
fourth embodiment. The control of the battery output is 
realized by the CPU 38a that follows a routine of reading 
the sensor outputs shown in the flowchart of Fig. 1 9 and 
a main routine shown in the flowchart of Fig. 20. The 

10 routine of reading the sensor outputs is repeatedly exe- 
cuted at predetermined time intervals, for example, at 
every 50 [msec]. When the program enters the routine 
of Fig. 19, the CPU 38a first reads the output voltage E 
of the stack of fuel cells 10, the fuel cell temperature T, 

is and the fuel gas pressure P at steps S600, S610, and 
S620, which are identical with steps S100, S120, and 
S130 in the battery output control routine of the first 
embodiment. 

The CPU 38a then determines whether or not a flag 

20 F is equal to zero at step S630. The flag F, which will be 
set or reset at the subsequent steps, is initially set to 
zero. When it is determined that the flag F is equal to 
zero at step S630, the CPU 38a outputs an ON signal to 
the relay 542 via the output processing circuit 38e so as 

25 to switch the relay 542 to the on position (that is, to 
switch the contact 544 to the closed position) at step 
S631. The flag F is then set to one at step S632. This 
changes the value of the flag F from the current state. At 
subsequent step S633, the CPU 38a reads the potential 

30 difference measured by the voltmeter 82 of the carbon 
monoxide sensor 530 and calculates a concentration 
D1 of carbon monoxide from the observed potential dif- 
ference. Since the relay 542 has been switched to the 
on position, the potential difference measured by the 

35 voltmeter 82 at step S633 represents the potential dif- 
ference between both terminals of the resistor 84. The 
carbon monoxide sensor 530 thus determines the con- 
centration of carbon monoxide included in the object 
gas. 

40 When it is determined that the flag is not equal to 
zero but is equal to one at step S630, on the other hand, 
the CPU 38a outputs an OFF signal to the relay 542 via I 
the output processing circuit 38e so as to switch the 
relay 542 to the off position (that is, to switch the contact 

45 to the open position) at step S635. The flag F is then 
reset to zero at step S636. This changes the value of 
the flag F from the current state. At subsequent step 
S637, the CPU 38a reads the potential difference meas- 
ured by the voltmeter 82 of the carbon monoxide sensor 

so 530 and calculates a concentration D2 of methanol from 
the observed potential difference. Since the relay 542 
has been switched to the off position, the potential dif- 
ference measured by the voltmeter 82 at step S637 rep- 
resents the open circuit voltage OCV. The carbon 

55 monoxide sensor 530 thus determines the concentra- 
tion of methanol included in the object gas. 

After execution of either step S633 or step S637, 
the program goes to RETURN and exits from this rou- 
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tine. The routine of reading the sensor outputs detects 
the output voltage E of the stack of fuel cells 1 0, the fuel 
cell temperature T, the fuel gas pressure P, the concen- 
tration D1 of carbon monoxide, and the concentration 
D2 o* methanol as discussed above. 

T he main routine of Fig. 20 is repeatedly executed 
at predetermined time intervals, for example, at every 
1 00 [msec]. When the program enters the routine of Fig. 
20, the CPU 38a first determines at step S640 whether 
or not the output voltage E of the stack of fuel cells 10, 
which has been read in the sensor outputs reading rou- 
tine of Fig. 19, has been lowered by the amount of 
change that is not less than a predetermined voltage 
E0, which is identical with step S140 in the battery out- 
put control routine of the first embodiment. In case that 
the answer is negative at step S640, that is, when it is 
determined that the output voltage E of the fuel cells has 
not been lowered by the amount of change which is not 
less than the predetermined voltage E0, the program 
goes to RETURN and exits from this routine. In case 
that the answer is affirmative at step S640, that is, when 
it is determined that the output vottage E of the fuel cells 
has been lowered by the amount of change which is not 
less than the predetermined voltage E0, on the contrary, 
the program carries out the processing discussed 
below. 

The CPU 38a determines whether or not the latest 
concentration D2 of methanol calculated in the sensor 
outputs reading routine is not less than a predetermined 
value (for example, 1%) at step S642. This determines 
whether or not the gaseous fuel contains a high concen- 
tration of methanol. In case that the gaseous fuel con- 
tains a high concentration of methanol, the program 
goes to step S644 to raise the temperature of the 
reformer unit 16a and thereby enhance the reactivity of 
methanol. In accordance with a concrete procedure, the 
CPU 38a outputs a control signal to the reformer unit 
1 6a via the output processing circuit 38e. The enhanced 
reactivity of methanol in the reformer unit 16a reduces 
methanol included in the gaseous fuel. The program 
then goes to RETURN and exits from this routine. 

When it is determined at step S642 that the gase- 
ous fuel does not contain a high concentration of meth- 
anol, on the other hand, the program executes the 
processing of steps 650 through S692, which is identi- 
cal with the processing of steps S150 through S192 in 
the battery output control routine of the first embodi- 
ment. In case that the catalyst is determined to be in the 
poisoned state based on the concentration D1 of carbon 
monoxide, the CPU 38a controls both the fuel cell tem- 
perature and the fuel gas pressure and enhance the 
output of the fuel cells. In case that the catalyst is deter- 
mined not to be in the poisoned state, on the contrary, 
the CPU 38a controls the fuel cell temperature to the 
ideal operating temperature. The program then goes to 
RETURN and exits from this routine. 

As discussed above, the fuel-cells generator sys- 
tem 501 of the fourth embodiment increases the operat- 



ing temperature of the reformer unit 16a of the reformer 
16 in response to the decrease in output voltage E of 
the stack of fuel cells 10, when the concentration of 
methanol included in the resulting gaseous fuel pro- 

5 duced by the reformer 16 is not less than a predeter- 
mined value. The increased temperature reduces the 
concentration of methanol included in the gaseous fuel. 
In case that the output voltage E of the stack of fuel cells 
1 0 is lowered due to the high concentration of methanol 

io included in the gaseous fuel, this structure effectively 
enhances the output voltage E of the stack of fuel cells 
10. In case that the output voltage E of the fuel cells is 
lowered due to the poisoned catalyst, oh the other hand, 
this structure enhances the output voltage E of the fuel 

rs cells in the same manner as the first embodiment. The 
structure of the fourth embodiment ascribes the lowered 
output voltage E either to the poisoned catalyst or to the 
high concentration of methanol included in the gaseous 
fuel and takes a required measure according to the 

20 cause, thereby effectively enhancing the output of the 
fuel cells. 

The carbon monoxide sensor 530 of the fourth 
embodiment has the function switching mechanism 540 
in addition to the constituents of the carbon monoxide 

25 sensor 30 of the first embodiment, and can detect both 
carbon monoxide and methanol. Hie simple structure 
realizes both the poisoned state detection means and 
the methanol concentration detection means of the 
present invention. 

30 Fig. 21 is a block diagram schematically illustrating 
structure of still another fuel-cells generator system 701 
as a fifth embodiment according to the present inven- 
tion. The fuel-cells generator system 701 of the fifth 
embodiment has all the constituents included in the 

35 fuel-cells generator system 1 of the first embodiment 
shown in Fig. 1, wherein the like numerals denote the 
like elements. The fuel-cells generator system 701 fur- 
ther includes an oxygen-containing gas purifier 703 for 
purifying the oxygen-containing gas, an oxygen-con- 

40 taining gas supply conduit 705 for connecting the oxy- 
gen-containing gas purifier 703 with a stack of fuel cells 
10A, an oxygen-containing gas discharge conduit 707 
for making the oxygen-containing gas discharged from 
the stack of fuel cells 10A flown outside, and a back- 

45 pressure regulating valve 709 for regulating the opening 
of the oxygen-containing gas discharge conduit 707. 
The oxygen-containing gas system is also included in 
the first embodiment, although illustration is omitted in 
the first embodiment. A pressure sensor 71 1 for meas- 

so uring the pressure of the oxygen-containing gas is 
attached to the stack of fuel cells 10A, which is identical 
with the stack of fuel cells 10 of the first embodiment. In 
the description below, the pressure sensor 71 1 of the 
oxygen-containing gas is referred to as the second 

55 pressure sensor 711, whereas the pressure sensor 36 
of the gaseous fuel discussed in the first embodiment is 
referred to as the first pressure sensor 36. 

The second pressure sensor 711 is connected to 
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the input processing circuit 38d of the electronic control 
unit 38. The back-pressure regulating valve 709 is con- 
nected to the output processing circuit 38e of the elec- 
tronic control unit 38. The electronic control unit 38 
receives detection signals output from various sensors 
including the second pressure sensor 711 and adjusts 
the position of the back-pressure regulating valve 709 in 
response to the input detection signals, thereby varying 
the flow rate of the oxygen-containing gas flowing 
through the flow paths 45p in the stack of fuel cells 1 0A. 

In the fifth embodiment, the electronic control unit 
38 carries out the battery output control routine of the 
first embodiment discussed above, and subsequently 
executes a routine of controlling the pressure of the oxy- 
gen-containing gas. Fig. 22 is a flowchart showing the 
routine of controlling the pressure of the oxygen-con- 
taining gas. This control routine is repeatedly executed 
by the CPU 38a at predetermined time intervals, for 
example, at every 100 [msec]. When the program 
enters the routine of Fig. 22, the CPU 38a first reads a 
pressure Pa of the gaseous fuel (hereinafter may be 
referred to as the fuel gas pressure Pa) and a pressure 
Pc of the oxygen-containing gas (hereinafter may be 
referred to as the oxygen -containing gas pressure Pc) 
measured by the first and the second pressure sensors 
36 and 71 1 at step S800. 

The pressure Pa of the gaseous fuel is compared 
with the pressure Pa of the oxygen-containing gas at 
step S810. In case that the pressure Pa is not less than 
the pressure Pc, the program goes to step S820 to reg- 
ulate the position of the back-pressure regulating valve 
709 in the oxygen-containing gas discharge conduit 707 
in the closing direction by a predetermined value V0, 
thereby increasing the pressure Pc of the oxygen-con- 
taining gas. This enables the pressure Pc of the oxygen- 
containing gas to gradually increase and exceed the 
pressure Pa of the gaseous fuel. The program then 
goes to RETURN and exits from this routine. 

In case that the pressure Pc of the oxygen-contain- 
ing gas is greater than the pressure Pa of the gaseous 
fuel at step S810, on the other hand, the program skips 
the processing of step S820 and directly goes to 
RETURN to exit from this routine. 

The oxygen-containing gas pressure control routine 
discussed above regulates the position Vc of the back- 
pressure regulating valve 709 in the oxygen -containing 
gas discharge conduit 707 and thereby enables the 
pressure Pc of the oxygen -containing gas to be kept 
greater than the pressure Pa of the gaseous fuel. Fig. 
23 shows characteristic curves of the fuel gas pressure 
Pa and the oxygen-containing gas pressure Pc plotted 
against the fuel cell temperature under such conditions. 
The battery output control routine discussed in the first 
embodiment increases the pressure Pa of the gaseous 
fuel with an increase in fuel cell temperature. The pres- 
sure Pc of the oxygen-containing gas is, on the other 
hand, kept at a constant level up to a point A, where the 
fuel gas pressure Pa becomes equal to the oxygen-con- 



taining gas pressure Pc. The oxygen-containing gas 
pressure Pc then increases with an increase in fuel cell 
temperature along the curve of the fuel gas pressure Pa 
while keeping the difference of a predetermined value 

5 ct. 

In general, one of the relationships Pa > Pc, 
Pa = Pc , and Pa < Pc is held between the fuel gas 
pressure Pa on the anodes of the polymer electrolyte 
fuel cells and the oxygen-containing gas pressure Pc on 
10 the cathodes. Which pressure condition is to be 
selected for operation of the fuel-cells generator system 
depends upon the design and the structure of the fuel- 
cells generator system. 



Liquid methanol is vaporized and expanded in the 
methanol reformer, so that the pressure is readily 
heightened on the anode. In case that the air (atmos- 
20 phere) is supplied to the cathode, a large energy of aux- 
iliary machinery is required for pressuring the 
atmosphere and heightening the pressure. The fuel 
cells are accordingly operated under the pressure con- 
dition of Pa > Pc, with a view to improving the energy 
25 efficiency of the fuel-cells generator system. 

(2) In the case of Pa = Pc 

In the polymer electrolyte fuel ceils, a fluorine ion- 
30 exchange membrane is used as the electrolyte mem- 
brane. The ion-exchange membrane has a small thick- 
ness of 50 to 200 microns and a relatively low strength. 
A large pressure difference between the fuel gas pres- 
sure on the anode and the oxygen-containing gas pres- 
35 sure on the cathode increases the pressure applied to 
the ion-exchange membrane. The thin and relatively 
weak ion-exchange membrane is pressed strongly 
against the edges of the gas flow paths and may be 
damaged. The fuel cells with thin ion-exchange mem- 
40 branes are accordingly operated under the pressure 
condition of Pa = Pc . 

(3) In the case of Pa < Pc 

45 In the polymer electrolyte fuel cells, the proton con- 
ductivity of the ion-exchange membrane depends upon 
the water content included in the ion-exchange mem- 
brane. An increase in water content of the ion-exchange 
membrane is thus required to enhance the performance 
so of the fuel cells. Water can be enclosed in the ion- 
exchange membrane by pressing back the water, which 
is produced on the cathodes through the electrochemi- 
cal reactions in the fuel cells, toward the anodes. The 
fuel cells are operated under the pressure condition of 
55 Pa < Pc, with a view to creating such an environment. 

Which one of the pressure conditions (1), (2), (3) is 
to be selected depends upon where the importance is 
attached in the fuel-cells generator system. There is 



15 (1) In the case of Pa > Pc 
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accordingly no superiority or inferiority between these 
three conditions. The fifth embodiment carries out the 
oxygen-containing gas pressure control routine dis- 
cussed above and thereby holds the relationship of Pa < 
Pc, with a view to enhancing the moisture retention of 
the electrolyte membrane. 

As discussed above, the fuel-cells generator sys- 
tem 701 of the fifth embodiment carries out the oxygen- 
containing gas pressure control routine and enables the 
pressure Pc of the oxygen-containing gas to exceed the 
pressure Pa of the gaseous fuel, even when the battery 
output control routine discussed in the first embodiment 
increases the pressure Pa of the gaseous fuel. The 
structure of the fifth embodiment exerts the same 
effects as those of the first embodiment, such as recov- 
ery of the battery output, and has excellent moisture 
retention of the electrolyte membrane 41 as discussed 
above in the case of (3). 

Although the relationship (3) Pa < Pc is held in the 
fifth embodiment, another possible structure holds the 
relationship (1) Pa > Pc. In this alternative structure, as 
shown in Fig. 24, while the battery output control routine 
discussed in the first embodiment increases the pres- 
sure Pa of the gaseous fuel with an increase in fuel cell 
temperature, the pressure Pc of the oxygen-containing 
gas is kept at a constant level and does not vary with an 
increase in pressure Pa of the gaseous fuel. 

Still another possible structure holds the relation- 
ship (2) Pa = Pc . In this structure, as shown in Fig. 25, 
while the battery output control routine discussed in the 
first embodiment increases the pressure Pa of the gas- 
eous fuel with an increase in fuel cell temperature, the 
pressure Pc of the oxygen-containing gas increases 
with the increase in pressure Pa of the gaseous fuel. 

These modified structures enable operation of the 
fuel cells under a desired relationship between the pres- 
sures of the gaseous fuel and the oxidizing gas even 
when the pressure Pa of the gaseous fuel is forcibly 
increased by the battery output control routine, and 
accordingly have excellent stability in operation. 

The following describes a sixth embodiment 
according to the present invention. A fuel-cells genera- 
tor system of the sixth embodiment has identical hard- 
ware structure with and similar software structure to 
those of the fuel-cells generator system 701 of the fifth 
embodiment. Only difference is the oxygen-containing 
gas pressure control routine executed by the CPU 38a 
of the electronic control unit 38. Namely the sixth 
embodiment realizes the hardware structure and the 
software structure of the fuel-cells generator system 1 
of the first embodiment and carries out an oxygen-con- 
taining gas pressure control routine discussed below. 

Fig. 26 is a flowchart showing the oxygen-contain- 
ing gas pressure control routine carried out in the sixth 
embodiment. This control routine is repeatedly exe- 
cuted by the CPU 38a at predetermined time intervals, 
for example, at every 100 [msec]. When the program 
enters the routine of Fig. 26, the CPU 38a f irst reads the 
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fuel gas pressure Pa and the oxygen-containing gas 
pressure Pc measured by the f irst and the second pres- 
sure sensors 36 and 71 1 at step S900. 

The CPU 38a then subtracts the oxygen-containing 
5 gas pressure Pc from the fuel gas pressure Pa to calcu- 
late a pressure difference AP at step S910. The CPU 
38a subsequently determines whether or not the pres- 
sure difference AP is greater than zero at step S920 and 
determines whether or not the pressure difference AP is 
10 not greater than a predetermined value a (a is a positive 
value and, for example, 10 [kPa]) at step S930. In case 
that the answer is negative at step S920, that is, when 
the pressure difference AP is not greater than zero, the 
program goes to step S940 to regulate the position of 
is the back-pressure regulating valve 709 in the oxygen- 
containing gas discharge conduit 707 in the opening 
direction by a predetermined value V0 and thereby 
reduce the oxygen-containing gas pressure Pc. This 
makes the pressure difference AP greater than zero. 
so In case that the answer is negative at step S930, 
that is, when the pressure difference AP is greater than 
the predetermined value a, the program proceeds to 
step S950 to regulate the position of the back-pressure 
regulating valve 709 in the oxygen-containing gas dis- 
25 charge conduit 707 in the closing direction by the prede- 
termined value V0 and thereby increase the oxygen- 
containing gas pressure Pc. This enables the pressure 
difference AP to be not greater than the predetermined 
value a. 

30 After execution of either step S940 or step S950 or 
after the affirmative answers at steps S920 and S930, 
that is, when the relationship of 0 < AP <, a is satisfied, 
the program goes to RETURN and exits from this rou- 
tine. 

35 The oxygen-containing gas pressure control routine 
of the sixth embodiment regulates the position Vc of the 
back-pressure regulating valve 709 in the oxygen-con- 
taining gas discharge conduit 707 and thereby enables 
the pressure difference AP obtained by subtracting the 
40 oxygen-containing gas pressure Pc from the fuel gas 
pressure Pa to be kept within the range of 0 to the pre- 
determined value a. Fig. 27 shows characteristic curves 
of the fuel gas pressure Pa and the oxygen-containing 
gas pressure Pc plotted against the fuel cell tempera- 
45 ture under such conditions. The battery output control 
routine discussed in the first embodiment increases the 
pressure Pa of the gaseous fuel with an increase in fuel 
cell temperature. The pressure Pc of the oxygen-con- 
taining gas is, on the other hand, kept at a constant level 
so until the pressure difference AP between the fuel gas 
pressure Pa and the oxygen-containing gas pressure 
Pc becomes equal to or greater than the predetermined 
value a. The oxygen-containing gas pressure Pc then 
increases with an increase in fuel cell temperature while 
55 keeping the pressure difference AP of the predeter- 
mined value a. 

As discussed above, the fuel-cells generator sys- 
tem of the sixth embodiment carries out the oxygen- 
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containing gas pressure control routine and enables the 
pressure difference AP between the fuel gas pressure 
Pa and the oxygen-containing gas pressure Pc to be 
kept equal to or less than the predetermined value a, 
even when the battery output control routine discussed 
in the first embodiment increases the pressure Pa of the 
gaseous fuel. The structure of the sixth embodiment 
exerts the same effects as those of the first embodi- 
ment, such as recovery of the battery output, and effec- 
tively prevents the electrolyte membrane 41 from being 
damaged by the pressure difference AP. The sixth 
embodiment holds the relationship (1) Pa > Pc and 
accordingly does not require large energy of auxiliary 
machinery for pressurization, which results in improve- 
ment of the energy efficiency. 

The following describes a seventh embodiment 
according to the present invention. A fuel-cells genera- 
tor system of the seventh embodiment has identical 
hardware structure with and similar software structure 
to those of the fuel-cells generator system of the sixth 
embodiment. Only difference is the oxygen-containing 
gas pressure control routine executed by the CPU 38a 
of the electronic control unit 38. 

Fig. 28 is a flowchart showing the oxygen-contain- 
ing gas pressure control routine carried out in the sev- 
enth embodiment. This control routine is repeatedly 
executed by the CPU 38a at predetermined time inter- 
vals, for example, at every 100 [msec]. When the pro- 
gram enters the routine of Fig. 28, the CPU 38a first 
reads the fuel gas pressure Pa and the oxygen-contain- 
ing gas pressure Pc measured by the first and the sec- 
ond pressure sensors 36 and 71 1 at step S1000. 

The CPU 38a then subtracts the fuel gas pressure 
Pa from the oxygen-containing gas pressure Pc to cal- 
culate a pressure difference AP at step S1010. The 
CPU 38a subsequently determines whether or not the 
pressure difference AP is greater than zero at step 
S1020 and determines whether or not the pressure dif- 
ference AP is not greater than a predetermined value a 
(a is a positive value and may be identical with or differ- 
ent from the value set in the sixth embodiment) at step 
S1030. In case that the answer is negative at step 
S1020, that is, when the pressure difference AP is not 
greater than zero, the program goes to step S1040 to 
regulate the position of the back-pressure regulating 
valve 709 in the oxygen-containing gas discharge con- 
duit 707 in the closing direction by a predetermined 
value V0 and thereby increase the oxygen-containing 
gas pressure Pc. This makes the pressure difference 
AP greater than zero. 

In case that the answer is negative at step S1030, 
that is, when the pressure difference AP is greater than 
the predetermined value a, the program proceeds to 
step S1050 to regulate the position of the back-pressure 
regulating valve 709 in the oxygen-containing gas dis- 
charge conduit 707 in the opening direction by the pre- 
determined value V0 and thereby reduce the oxygen- 
containing gas pressure Pc. This enables the pressure 



difference AP to be not greater than the predetermined 
value a. 

After execution of either step S1040 or step S1050 
or after the affirmative answers at steps S1020 and 
s S1030, that is, when the relationship of 0 < AP < a is 
satisfied, the program goes to RETURN and exits from 
this routine. 

The oxygen-containing gas pressure control routine 
of the seventh embodiment regulates the position Vc of 

10 the back-pressure regulating valve 709 in the oxygen- 
containing gas discharge conduit 707 and thereby ena- 
bles the pressure difference AP obtained by subtracting 
the fuel gas pressure Pa from the oxygen-containing 
gas pressure Pc to be kept within the range of 0 to the 

is predetermined value a. Fig. 29 shows characteristic 
curves of the fuel gas pressure Pa and the oxygen-con- 
taining gas pressure Pc plotted against the fuel cell tem- 
perature under such conditions. The battery output 
control routine discussed in the first embodiment 

20 increases the pressure Pa of the gaseous fuel with an 
increase in fuel cell temperature. The pressure Pc of the 
oxygen-containing gas is, on the other hand, kept at a 
constant level up to a point B where the pressure differ- 
ence AP between the fuel gas pressure Pa and the oxy- 

25 gen-containing gas pressure Pc becomes equal to or 
greater than the predetermined value a. The oxygen- 
containing gas pressure Pc then increases with an 
increase in fuel cell temperature along the curve of the 
fuel gas pressure Pa while keeping the pressure differ- 
so ence AP of the predetermined value a. 

As discussed above, the fuel-cells generator sys- 
tem of the seventh embodiment carries out the oxygen- 
containing gas pressure control routine and enables the 
oxygen-containing gas pressure Pc to be kept greater 

35 than the fuel gas pressure Pa and the pressure differ- 
ence AP between the fuel gas pressure Pa and the oxy- 
gen-containing gas pressure Pc to be kept equal to or 
less than the predetermined value a, even when the 
battery output control routine discussed in the first 

40 embodiment increases the pressure Pa of the gaseous 
fuel. The structure of the seventh embodiment exerts 
the same effects as those of the first embodiment, such 
as recovery of the battery output, and effectively pre- 
vents the electrolyte membrane 41 from being damaged 

45 by the pressure difference AP The seventh embodiment 
holds the relationship (3) Pa < Pc and accordingly 
enhances the moisture retention of the electrolyte mem- 
brane 41. 

The following describes an eighth embodiment 
so according to the present invention. A fuel-cells genera- 
tor system of the eighth embodiment has identical hard- 
ware structure with and similar software structure to 
those of the fuel -cells generator systems of the fifth 
through the seventh embodiments. Only difference is 
55 the oxygen-containing gas pressure control routine exe- 
cuted by the CPU 38a of the electronic control unit 38. 
Namely the eighth embodiment realizes the hardware 
structure and the software structure of the fuel-cells 
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generator system 1 of the first embodiment and carries 
out an oxygen-containing gas pressure control routine 
discussed below. 

Fig. 30 is a flowchart showing the oxygen-contain- 
ing gas pressure control routine carried out in the eighth 
embodiment. This control routine is repeatedly exe- 
cuted by the CPU 38a at predetermined time intervals, 
for example, at every 100 [msec]. When the program 
enters the routine of Fig. 30, the CPU 38a first reads the 
fuel gas pressure Pa and the oxygen-containing gas 
pressure Pc measured by the first and the second pres- 
sure sensors 36 and 71 1 at step S1 100. 

The CPU 38a then subtracts the oxygen-containing 
gas pressure Pc from the fuel gas pressure Pa to calcu- 
late a pressure difference AP at step S1 1 10. The pres- 
sure difference AP is compared with a predetermined 
value p (p is a positive value and, for example, 10 [kPa]) 
at step S1 120. In case that the pressure difference AP 
is determined to be greater than the predetermined 
value p, the program proceeds to step S1130 to regu- 
late the position of the back-pressure regulating valve 
709 in the oxygen-containing gas discharge conduit 707 
in the closing direction by a predetermined value V0 and 
thereby increase the oxygen-containing gas pressure 
Pc. This decreases the pressure difference AP to be not 
greater than the predetermined value p. 

In case that the pressure difference AP is deter- 
mined to be smaller than the predetermined value p at 
step S1 120, on the other hand, the program proceeds to 
step S1 140 to regulate the position of the back-pressure 
regulating valve 709 in the oxygen-containing gas dis- 
charge conduit 707 in the opening direction by the pre- 
determined value V0 and thereby reduce the oxygen- 
containing gas pressure Pc. This increases the pres- 
sure difference AP to be not less than the predeter- 
mined value p. In case that the pressure difference AP 
is determined to be equal to the predetermined value p 
at step S1 120, the program goes to RETURN and exits 
from this routine. 

The oxygen-containing gas pressure control routine 
of the eighth embodiment regulates the position Vc of 
the back-pressure regulating valve 709 in the oxygen- 
containing gas discharge conduit 707 and thereby ena- 
bles the pressure difference AP obtained by subtracting 
the oxygen-containing gas pressure Pc from the fuel 
gas pressure Pa to be kept at the predetermined value 
p. Fig. 31 shows characteristic curves of the fuel gas 
pressure Pa and the oxygen-containing gas pressure 
Pc plotted against the fuel cell temperature under such 
conditions. The battery output control routine discussed 
in the first embodiment increases the pressure Pa of the 
gaseous fuel with an increase in fuel cell temperature. 
The pressure Pc of the oxygen-containing gas 
increases with an increase in fuel cell temperature, 
while keeping the pressure difference AP of the prede- 
termined value p. 

The fuel-cells generator system of the eighth 
embodiment exerts the same effects as those of the first 
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embodiment, such as recovery of the battery output. 
The eighth embodiment holds the relationship (1) Pa > 
Pc and accordingly does not require large energy of 
auxiliary machinery for pressurization, which results in 
5 improvement of the energy efficiency. 

The following describes a ninth embodiment 
according to the present invention. A fuel-cells genera- 
tor system of the ninth embodiment has identical hard- 
ware structure with and similar software structure to 
10 those of the fuel-cells generator system of the eighth 
embodiment. Only difference is the oxygen-containing 
gas pressure control routine executed by the CPU 38a 
of the electronic control unit 38. 

Fig. 32 is a flowchart showing the oxygen-contain- 
15 ing gas pressure control routine carried out in the ninth 
embodiment. This control routine is repeatedly exe- 
cuted by the CPU 38a at predetermined time intervals, 
for example, at every 100 [msec]. When the program 
enters the routine of Fig. 32, the CPU 38a first reads the 
20 fuel gas pressure Pa and the oxygen-containing gas 
pressure Pc measured by the first and the second pres- 
sure sensors 36 and 71 1 at step S1200. 

The CPU 38a then subtracts the fuel gas pressure 
Pa from the oxygen-containing gas pressure Pc to cal- 
25 culate a pressure difference AP at step S1210. The 
pressure difference AP is compared with a predeter- 
mined value p (p is a positive value and may be identical 
with or different from the value set in the eighth embod- 
iment) at step S1220. In case that the pressure differ- 
30 ence AP is determined to be greater than the 
predetermined value p, the program proceeds to step 
S1230 to regulate the position of the back-pressure reg- 
ulating valve 709 in the oxygen-containing gas dis- 
charge conduit 707 in the opening direction by a 
35 predetermined value V0 and thereby reduce the oxy- 
gen-containing gas pressure Pc. This decreases the 
pressure difference AP to be not greater than the prede- 
termined value p. 

In case that the pressure difference AP is deter- 
40 mined to be smaller than the predetermined value p at 
step S1220, on the other hand, the program proceeds to 
step S1240 to regulate the position of the back-pressure 
regulating valve 709 in the oxygen-containing gas dis- 
charge conduit 707 in the closing direction by the prede- 
45 termined value V0 and thereby increase the oxygen- 
containing gas pressure Pc. This increases the pres- 
sure difference AP to be not less than the predeter- 
mined value p. In case that the pressure difference AP 
is determined to be equal to the predetermined value p 
so at step S1220, the program goes to RETURN and exits 
from this routine. 

The oxygen-containing gas pressure control routine 
of the ninth embodiment regulates the position Vc of the 
back-pressure regulating valve 709 in the oxygen-con- 
55 taining gas discharge conduit 707 and thereby enables 
the pressure difference AP obtained by subtracting the 
fuel gas pressure Pa from the oxygen-containing gas 
pressure Pc to be kept at the predetermined value p. 
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Fig. 33 shows characteristic curves of the fuel gas pres- 
sure Pa and the oxygen-containing gas pressure Pc 
plotted against the fuel cell temperature under such 
conditions. The battery output control routine discussed 
in the first embodiment increases the pressure Pa of the 5 
gaseous fuel with an increase in fuel cell temperature. 
The pressure Pc of the oxygen-containing gas 
increases with an increase in fuel cell temperature 
along the curve of the fuel gas pressure Pa, while keep- 
ing the pressure difference AP of the predetermined w 

value p. 

The fuel-cells generator system of the ninth embod- 
iment exerts the same effects as those of the first 
embodiment, such as recovery of the battery output. 
The ninth embodiment holds the relationship (3) Pa < 
Pc and accordingly enhances the moisture retention of 
the electrolyte membrane 41 by the water produced on 
the cathode. The fuel-cells generator system of this 
embodiment keeps the pressure difference AP between 
the gaseous fuel and the oxygen-containing gas at the 
predetermined value p and thus maintains the water 
content of the electrolyte membrane 41 at a constant 
level. 

In the embodiments discussed above, the carbon 
monoxide sensor 30 is applied for the poisoned state 
detection means to measure the concentration of CO 
included in the gaseous fuel and determine the poi- 
soned state of the catalyst when the CO concentration 
becomes equal to or greater than a predetermined 
level, "me poisoned state detection means is, however, 
not restricted to the carbon monoxide sensor 30, and 
carbon monoxide sensors of other structures, for exam- 
ple, a constant-potential electrolytic carbon monoxide 
sensor, may also be applicable. Another possible struc- 
ture applicable for the poisoned state detection means 
detects the temperature difference between the flow-in 
side and the flow-out side of the gaseous fuel on the 
electrode and estimates the poisoned state of the cata- 
lyst based on the temperature difference. 

In the embodiments discussed above, platinum is 
used as the catalyst carried on the anodes 42 in the 
stack of fuel cells 10. A variety of platinum alloys can 
also be used as the catalyst carried on the anode 42. 
The platinum alloys include platinum as the first compo- 
nent and one or a plurality of elements selected among 
the group including ruthenium, nickel, cobalt, vanadium, 
palladium, and indium, as the second component. Such 
platinum alloys ensure the same effects as those of the 
respective embodiments discussed above. 

The methanol reformer is used as the supply 
source of the hydrogen-rich gas in the embodiments 
discussed above. The fuel-cells generator system may, 
however, be combined with another reformer that pro- 
duces a hydrogen-rich gas. The available reformers 
receive alcohols, such as methanol and ethanol, hydro- 
carbons, such as methane, propane, and butane, or liq- 
uid fuels, such as gasoline and light oil, as the materials 
of reforming reactions. The reforming reactions pro- 



ceeding in the reformer include steam reforming, partial 
oxidization reforming, and a combination thereof. 

The embodiments discussed above include only 
one stack of polymer electrolyte fuel cells. The fuel-cells 
generator system may, however, include two or more 
stacks of polymer electrolyte fuel cells. In the latter 
structure, the respective stacks of polymer electrolyte 
fuel cells have different operating conditions and it is 
thus preferable to carry out the control of each embodi- 
ment for each stack of fuel cells. 

Although the embodiments discussed above 
include the polymer electrolyte fuel cells, the principle of 
the present invention is also applicable to phosphate 
fuel cells and direct methanol fuel cells, in which the cat- 
alyst is poisoned. 

The present invention is not restricted to the above 
embodiments or their modified examples, but there may 
be many other modifications, changes, and alterations 
without departing from the scope or spirit of the main 
20 characteristics of the present invention. 

It should be clearly understood that the above 
embodiments are only illustrative and not restrictive in 
any sense. The scope and spirit of the present invention 
are limited only by the terms of the appended claims. 
25 A fuel-cells generator system of the present inven- 
tion carries out an appropriate control to ensure a high 
output even when a catalyst carried on an electrode is 
poisoned. An electronic control unit of the fuel-cells gen- 
erator system measures an output voltage E of fuel 
30 cells, a concentration D of carbon monoxide included in 
a gaseous fuel, a temperature T of the fuel cells, and a 
pressure P of the gaseous fuel at steps S100 through 
S130. When the output voltage E has been lowered by 
the amount of change that is not less than a predeter- 
35 mined voltage E0 at step S1 40 and when the concentra- 
tion D of carbon monoxide measured by a carbon 
monoxide sensor represents the poisoned state of a 
catalyst carried on the anodes of the fuel cells at step 
SI 50, the temperature T of the fuel cells is gradually 
40 increased at step S180. The pressure P of the gaseous 
fuel is also gradually increased at step S190, in order to 
enable a partial vapor pressure in the gaseous fuel to be 
kept at a constant value even under the condition of the 
increased temperature of the fuel cells. This structure 
45 keeps the partial vapor pressure in the gaseous fuel at 
a constant level, thus preventing the partial pressure of 
hydrogen in the gaseous fuel from being lowered and 
ensuring a continuous supply of hydrogen to the 
anodes. 

so 

Claims 

1 . A fuel-cells generator system using fuel cells, which 
receive a supply of a reaction gas fed to an elec- 
55 trode with a catalyst carried thereon and generate 
an electromotive force through a chemical reaction 
of said reaction gas, said fuel-cells generator sys- 
tem comprising: 
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lowered output detection means for detecting a 
decrease in output of said fuel cells; 
poisoned state detection means for detecting a 
poisoned state of said catalyst; 
temperature control means for, when said poi- 
soned state detection means detects the poi- 
soned state of said catalyst and said lowered 
output detection means detects a decrease in 
output of said fuel cells, increasing temperature 
of said fuel cells; and 

gas pressure control means for regulating 
pressure of said reaction gas supplied to said 
electrode in response to the temperature con- 
trol by said temperature control means, thereby 
enabling partial vapor pressure in said reaction 
gas to be kept within a predetermined range. 



A fuel-cells generator system in accordance with 
claim 1, said fuel-cells generator system further 
comprising: 20 



gas utilization ratio calculation means for calcu- 
lating a degree of utilization of said reaction 
gas in said fuel cells as a gas utilization ratio; 
and 

prohibition means for, when the gas utilization 
ratio calculated by said gas utilization ratio cal- 
culation means is not less than a predeter- 
mined value, prohibiting operations of said 
temperature control means and said gas pres- 
sure control means. 



A fuel-cells generator system in accordance with 
claim 1, said fuel-cells generator system further 
comprising: 35 



impedance measurement means for measur- 
ing an impedance of said fuel cells; and 
prohibition means for, when the impedance 
measured by said impedance measurement 
means is out of a predetermined range, prohib- 
iting operations of said temperature control 
means and said gas pressure control means. 



4. A fuel-cells generator system in accordance with 
claim 1, wherein said poisoned state detection 
means comprises: 

carbon monoxide concentration detection 
means for observing a concentration of carbon 
monoxide included in said reaction gas; and 
means for detecting the poisoned state of said 
catalyst, based on the observed concentration 
of carbon monoxide. 

5. A fuel-cells generator system in accordance with 
claim 4, wherein said carbon monoxide concentra- 
tion detection means comprises: 



an electrolyte membrane; 
two electrodes arranged across said electrolyte 
membrane and having a catalyst carried ther- 
eon; 

5 a reaction gas supply conduit for feeding a sup- 

ply of said reaction gas to one of said two elec- 
trodes; 

an oxidizing gas supply conduit for feeding a 
supply of an oxygen-containing, oxidizing gas 
10 to the other of said two electrodes; 

potential difference measurement means for 
measuring a potential difference between said 
two electrodes under the condition that a pre- 
determined load is connected between said 
75 two electrodes; and 

carbon monoxide concentration calculation 
means for calculating the concentration of car- 
bon monoxide included in said reaction gas, 
based on the potential difference measured by 
said potential difference measurement means. 

A fuel-cells generator system in accordance with 
claim 1, said fuel-cells generator system further 
comprising: 

a reformer for reforming methanol and produc- 
ing a hydrogen-rich gas as said reaction gas 
containing hydrogen; 

methanol concentration detection means for 
observing a concentration of methanol 
included in said reaction gas; and 
reformer operation control means for, when the 
concentration of methanol observed by said 
methanol concentration detection means is not 
less than a predetermined level and said low- 
ered output detection means detects a 
decrease in output of said fuel cells, controlling 
operation of said reformer, thereby lowering the 
concentration of methanol included in said 
reaction gas. 

A fuel-cells generator system in accordance with 
claim 6, wherein said poisoned state detection 
means comprises: 

an electrolyte membrane; 
two electrodes arranged across said electrolyte 
membrane and having a catalyst carried ther- 
eon; 

so a reaction gas supply conduit for feeding a sup- 

ply of said reaction gas to one of said two elec- 
trodes; 

an oxidizing gas supply conduit for feeding a 
supply of an oxygen-containing, oxidizing gas 
55 to the other of said two electrodes; 

potential difference measurement means for 
measuring a potential difference between said 
two electrodes; and 
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load switching means for switching between a 
first state, in which a predetermined load is 
connected between said two electrodes, and a 
second state, in which said predetermined load 
is disconnected from said two electrodes; 

said methanol concentration detection 
means comprising: 

methanol concentration calculation means for 

calculating the concentration of methanol 

included in said reaction gas, based on the 
potential difference measured by said potential 
difference measurement means, in said sec- 
ond state selected by said load switching is 
means. 

8. A fuel-cells generator system in accordance with 
claim 7, wherein said poisoned state detection 
means further comprises: 

carbon monoxide concentration calculation 
means for calculating a concentration of car- 
bon monoxide included in said reaction gas, 
based on the potential difference measured by 
said potential difference measurement means, 
in said first state selected by said load switch- 
ing means; and 

means for detecting the poisoned state of said 
catalyst, based on the calculated concentration 
of carbon monoxide. 

9. A fuel -cells generator system in accordance with 
claim 1, wherein each of said fuel cells comprise: 

an electrolyte membrane; 
a first electrode arranged in close contact with 
one surface of said electrolyte membrane as 
said electrode receiving a supply of said reac- 
tion gas; and 

a second electrode arranged in close contact 
with the other surface of said electrolyte mem- 
brane and receiving a supply of an oxygen- 
containing, oxidizing gas, 



pressure of said reaction gas to hold a fixed order of 
magnitude. 

11. fuel-cells generator system in accordance with 
5 claim 9, wherein said predetermined relationship 

enables a difference between the pressure of said 
oxidizing gas and the pressure of said reaction gas 
to be not greater than a predetermined value. 

w 12. fuel-cells generator system in accordance with 
claim 9, wherein said predetermined relationship 
enables a difference between the pressure of said 
oxidizing gas and the pressure of said reaction gas 
to be kept constant. 



10. 



said fuel-cells generator system further com- 
prising: 

oxidizing gas pressure control means for regu- 
lating pressure of said oxidizing gas fed to said 
second electrode, thereby enabling the pres- 
sure of said oxidizing gas and the pressure of 
said reaction gas fed to said first electrode to 
satisfy a predetermined relationship. 

A fuel-cells generator system in accordance with 
claim 9, wherein said predetermined relationship 
enables the pressure of said oxidizing gas and the 



13. A fuel-cells generator system in accordance with 
claim 1, said fuel-cells generator system further 
comprising: 

restoration means for, when no decrease in 
output of said fuel cells is detected by said low- 
ered output detection means after execution of 
the pressure regulation of said reaction gas by 
said gas pressure control means, returning the 
temperature of said fuel cells to a non-control- 
led temperature of said fuel cells, which repre- 
sents a value before the increase by said 
temperature control means, and returning the 
pressure of said reaction gas to a non-control- 
led pressure of said reaction gas, which repre- 
sents a value before the regulation by said gas 
pressure control means. 

14. A method of generating electricity from fuel cells, 
which receive a supply of a reaction gas fed to an 
electrode with a catalyst carried thereon and gener- 
ate an electromotive force through a chemical reac- 
tion of said reaction gas, said method comprising 
the steps of: 

(a) controlling temperature of said fuel cells to 
be higher than an ideal operating temperature; 
and 

(b) regulating pressure of said reaction gas 
supplied to said electrode in response to the 
temperature control carried out in said step (a), 
thereby enabling partial vapor pressure in said 
reaction gas to be kept within a predetermined 
range. 

50 

15. A method of generating electricity from fuel cells, 
which receive a supply of a reaction gas fed to an 
electrode with a catalyst carried thereon and gener- 
ate an electromotive force through a chemical reac- 

55 tion of said reaction gas, said method comprising 
the steps Of: 

(a) detecting a decrease in output of said fuel 



20 



25 



30 



35 



40 



45 



23 



BNSDOCID: <EP_ O828303A2_1_> 



45 



EP 0 828 303 A2 



46 



cells; 

(b) detecting a poisoned state of said catalyst; 

(c) when the poisoned state of said catalyst is 
detected in said step (b) and a decrease in out- 
put of said fuel cells is detected in said step (a), 
increasing temperature of said fuel cells; and 

(d) regulating pressure of said reaction gas 
supplied to said electrode in response to the 
temperature control carried out in said step (c), 
thereby enabling partial vapor pressure in said 
reaction gas to be kept within a predetermined 
range. 

16. A method in accordance with claim 15, said method 
further comprising the steps of: 

(e) calculating a degree of utilization of said 
reaction gas in said fuel cells as a gas utiliza- 
tion ratio; and 

(f) when the gas utilization ratio calculated in 
said step (e) is not less than a predetermined 
value, prohibiting operations of said steps (c) 
and (d). 

17. A method in accordance with claim 15, said method 
further comprising the steps of: 

(e) measuring an impedance of said fuel cells; 
and 

(f) when the impedance measured in said step 
(e) is out of a predetermined range, prohibiting 
operations of said steps (c) and (d). 

18. A method in accordance with claim 15, wherein 
said step (b) comprises the steps of: 

(b- 1 ) observing a concentration of carbon mon- 
oxide included in said reaction gas; and 
0>2) detecting the poisoned state of said cata- 
lyst, based on the observed concentration of 
carbon monoxide. 



10 



20. A method in accordance with claim 1 5, said method 
further comprising the steps of: 

' (e) when no decrease in output of said fuel 
cells is detected in said step (a) after execution 
of the pressure regulation of said reaction gas 
in said step (d), returning the temperature of 
said fuel cells to a non-controlled temperature 
of said fuel cells, which represents a value 
before the increase in said step (c). and return- 
ing the pressure of said reaction gas to a non- 
controlled pressure of said reaction gas, which 
represents a value before the regulation in said 
step (d). 
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1 9. A method in accordance with claim 1 5, said method 
further comprising the steps of: 

45 

(e) reforming methanol and producing a hydro- 
gen-rich gas as said reaction gas containing 
hydrogen; 

(f) observing a concentration of methanol 
included in said reaction gas; and so 

(g) when the concentration of methanol 
observed in said step (f) is not less than a pre- 
determined level and a decrease in output of 
said fuel cells is detected in said step (a), con- 
trolling operation of said step (e). thereby low- 55 
ering the concentration of methanol included in 
said reaction gas. 
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